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TEANSUTOR'S PEEFACE. 



The Eeport of the Council of the Miners' Association of 
C5omwall and Devon, in June 1874, in recommending Professor 
Moissenet for election as an Honorary Life Member, contained 
the following reference to his works. 

'' M. Moissenet, the distinguished French Mining Engineer, 
has lately written some valuahle works on Lode-Mining, and 
of one of these, which treats especially on the veins of Cornwall, 
it is proposed to publish an abstract for the use of the members 
of the Association. This abstract will be made by yonr 
Honorary Secretary (Mr. J. H. Collins), and it will be submitted 
to M. Moissenet before publication." 

Li accordance with this announcement, I commenced the 
abstract in question, but I soon found that the work was already 
so well condensed that very little abridgement was possible, if any 
considerable proportion of its usefulness was to be preserved. 
Under these circimistances, and after renewed communications 
with the author, I determined to make a complete translation, 
and as the work in its complete form was too large to be issued 
in the proceedings of the Miners' Association, I was compelled 
to undertake the whole responsibility — pecuniary and otherwise. 

A considerable proportion of the cost is, however, secured by 
the subscription list which appears at the end of the volume, 
and I trust the book in its present form may prove so useful to 
students that the whole edition — ^which is limited to 400 copies — 
will be soon off my hands. 

Li preparing this translation I have, as was to be expected, 
sometimes met with words having in their applications to mining, 
no exact English equivalents, as for instance, exploitation, gite, 
cannehire, allure, roideur, and phngement. The last two have 



iv. Translator's Preface. 

generally been translated underlie and dtp respectively, but the 
former term is manifestly inapplicable as applied to the typical 
case (unnsnal I admit) of a vertical fissure ; and the latter is a 
word used in a quite different sense by all geologists, and a 
majority of miners. I believe our mining language would gain 
much in precision if all these words could be naturalized. 

It is possible that some readers may discover that I have 
followed the French idiom somewhat too closely in a few in- 
stances ; I am quite aware that this is the case but I will urge 
in my own defence that it is more conducive to an exact 
appreciation of the author's meaning than a too free translation. 

In one respect the book is more valuable than the original 
French edition, as it contains an appendix A (with plate,) which 
was not in that edition. This appendix explains briefly the 
numerous references to the Systems and the Theories of M.Elie 
de Beaimiont — a subject but little known hitherto to English 
Mining Students. The convenience of getting text and plates 
all into one volimie will, I believe, fully compensate for the 
reduced scale of the plates — ^which in the original edition were 
formed into a quarto atlas. 



J. H. COLLINS, 



Truro, June 19, 1877. 
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AUTHOR'S PREFACE. 



Twenty-two years ago, I visited England for the first time ; 
I was then a student provided with the varied and general 
instruction to be acquired at the ** Ucole des Mines y"*^ and was 
anxious to get some, and any, practical knowledge. 

The magnitude of the underground and surface workings of 
the Comii^ mines impressed me deeply, and having had a 
glimpse of the enormous nimiber of ** mining facts '' concentrated 
in the county of Cornwall, and of the large supply of infor- 
mation already treasured in the local scientific records, I resolved 
to come over again to such a grand practical school. Thus I 
was led to take a peculiar interest in the study of metalliferous 
deposits, and was struck with the desire to become a devOted, 
and if possible, a useful member of the mining community. 

Circimistances favored my object; at home, my eminent 
masters, Mr. L. Elie de Beaimiont, and my chief in the Labora- 
tory of the School, Mr L. E. Eivot, gave me a constant support, 
so that I could then almost every simmier interweave my official 
duties with the practice of mining in France and with studiep 
abroad, and especially in Cornwall. 

On the other hand, I had from the commencement met in 
England with an invaluable patron, Mr. Robert Hunt, who 
introduced me to the world of the mines. I wish I might better 
state here all the scientific and moral assistance I derived from 
him throughout the long course of my enquiries. I wish also to 
acknowledge my indebtedness to the mine owners, managers, 
agents, and others who constantly facilitated my studies in Corn- 
wall and Devon, among them I cannot refrain from inserting 
here the name of my most venerated friend, the late W. Jory 
Henwood. 



^ 



vi. Author's Preface, 

My labours, and some troubles almost unavoidably connected 
with much travelling undergi^ound, have already been amply 
repaid by the welcome given to the French edition of this 
work, and the honours granted me by the Eoyal Geological 
Society of Cornwall, the Royal Cornwall Polytechnic Society, 
the Eoyal Institution of Cornwall, and the Miners' Association 
of Cornwall and Devon. 

The present translation originated in a resolution of the 
Council of the Miners' Association to publish an abstract of my 
** Etudes, parties riches," in its proceedings, and has reached its 
present complete and elaborate form through the talented zeal 
and skilful pen of the Honorary Secretary, Mr J. H. Collins. 
I have carefxdly reviewed the proof sheets in the course of 
printing, but I confess that, from the translator's ability, I have 
had but little share in the present work. 

L. MoiSSENET. 
Paris, June 16th, 1877. 
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INTRODUCTION. 
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THE mineral riohes of lodes are almost always Yery un- 
equally distributed, and the workings afford evidence of 
sterile zones, as well as of others whioh are productive in differ- 
ent degrees. 

In most of the lodes the rich parts constitute, so to speak, a 
seried of ''mines within the mine;" and it is naturally upon 
these parts that the work of ''exploitation" is concentrated, 
whereas the " poor " parts are simply cut through by the neces- 
sary galleries of communication. 

The form and relative position of these rich parts correspond 
pretiy accurately with the places from whence most of the min- 
eral is broken. As the geometric projection of these excavations 
presents a kind of outline of the masses removed, if the works 
have been weU conducted, the traces thus obtained differ but little 
from the natural limits of the rich parts. 

If the situation and configuration of these rich parts could be 
foreseen, the exploitation of metalliferous lodes would lose its hap- 
hazard character, and the engineer would be enabled to devote 
his whole attention, as in other industries, to the economic con- 
ditions and technical proceedings most suited to each particular 
case. The miners — turning tradition to account — ^proceeding by 
analogy and comparison, try to overcome chance; and by conjec- 
tures based upon experience — ^making use of the smallest indica- 
tions by most remarkable foresight — often ascertain the general 
conditions of the deposit (jSfite). 

A 



2 Introdttction, 

For the observant miner the phenomena to be seen in the 
lodes are so numerous that each one opened by his labours im- 
prints on his memory some particular recollection, while their 
peculiarities give to each a kind of individuality. The same re- 
mark applies to general facts : each mining district has its own 
character ; each group of districts or mining country is distinct 
from all others from the point of view with which we are 
concerned, viz., the peculiarities of the rich parts. These 
variations result mainly from a fact universally recognized, viz., 
that the general character of the veins, and consequently their 
riches, depend upon the nature of the containing rocks. 

This common fact results from the common mode of origin of 
the lodes. The rocks have been fractured, so producing subter- 
ranean channels for the circulation of mineral waters. The 
rocks have, therefore, been subjected unequally, and with a vary- 
ing intensity, during one or more geological periods, to the action 
of those physical and chemical forces which have determined 
their mineral contents. 

To take some examples from England. The lodes of tin, cop- 
per, and lead in Cornwall and Devon traverse primary schists ; 
those of tin and copper also penetrate the granite, elvan ('^quartz 
porphyry"), and greenstones (**homblendic rocks"). The lead 
mines of Wales (Cardiganshire, &c.) are in sQurian schists, far 
from eruptive rocks, while the lodes of galena in the North of 
England occur in carboniferous strata. In each of these countries 
metalliferous zones or regions may be distinguished where the 
strata or beds are productive, and the rocks favourable for 
mineral.* 

The disposition of the lead lodes of the Moimtain Limestone 
in steps {^^ gradins^^) is well-known. This formation includes 
beds of limestone and of quartzose sandstones, alternating with 
argillaceous schists, which are but little inclined. The hard lime- 
stones and sandstones ^firestone") have been fractured almost 
vertically, and these contain the mineral riches ; whilst in the schist 
the lodes are reduced to the state of thin veins, or flat and sterile 
fissures. To these lodes the p^e veins and flats are attached ; 

* Such ezpressions as good chawnel of ground^ mining zone, suitable strata, 
hearing grownd, kmdVy, ^c, are used to qualify the terms hilUis, granite, or 
•Vvcm. 
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these are accessory deposits occurring in some of the limestone 
beds. The mechanical and chemical actions in these lodes are 
distinctly appreciable although superposed. When the lode 
passes through silicious rocks the walls are but little corroded, 
but in the limestones the chemical action of the circulating waters 
upon the walls is largely associated with the force of gravity, and 
has been able to contribute greatly to the formation of the cavity. 
In all mining countries, wherever c€dcareous strata are met with, 
we are at once convinced of their great influence upon the general 
character of the lodes, but in formations consisting entirely of 
schistose rocks it is only by the most minute observation that we are 
able to distinguish practically between the good and bad strata. 
Still, in the Silurian schists of Cardiganshire the miner does not 
fail to distinguish the favourable strata by their physic€d charac- 
ters ; he prefers compact schists of moderate hardness, but dis- 
likes the very soft argillaceous schists (** mudstones") and the 
fissile schists passing into slate. 

In these veins of galena, as in those of the Mountain Lime- 
stone, the mechanical action of gravity has predominated in the 
formation of the cavities, i.e., the configuration of the rich parts, 
but here it is more difficult to recognize the effects of chemical 
action upon the walls. 

In Cornwall and Devon some of the lodes are entirely in schist, 
others entirely in granite, while others again cut through both 
these rocks, and often the elvans and greenstones also. To this 
variety of enclosing rock* is added that of the minerals and 
veinstones. Notwithstanding the absence of calcareous beds, 
chemic€d action is evident in the lodes ; it is powerfully developed 
in a great many places, and notably in those stanniferous deposits 
which abound in tourmaline.f Nevertheless, the fractures and 
relative displacements of the encasing rocks do not cease to be 
discemable, and in spite of the complexity of the phenomena we 
may follow in the lodes of the two counties, very clearly, the di- 
rections of the " stratigraphic systems " to which they belong. 



• " Country:* 

t " Bchorl " or " cockUf** are the OomUli miners terms for black tourmaline. 



4 Introd/uetion. 

Without losing sight of the action of chemical forces upon the 
** country," we shall avaQ ourselves of the force of gravity, which 
is not masked, and we shall seek in the physical properties of the 
rocks the first cause of the configuration of the rich parts. 

In selecting Cornwall as a field of study, I would recall the 
opinion expressed by Mr. R. W. Fox in his excellent memoir 
" On Mineral Veins."* ** I believe it will be found, on investi- 
gation, that the mineral veins of Cornwall differ very little from 
those which have been observed in other mining districts in 
what may be termed their mechanical characters. "f 

The works of English geologists treating of Cornwall and 
Devon are both numerous and varied ; they embrace, collectively 
and in detail, the two sides of the subject, General Geology and 
Metalliferous Deposits. 

It will be sufficient to mention here : — 

The Transactions and Annual Reports of the Royal Geological 
Society of Cornwall. 

The fine work of Sir H. De la Beche, " Report on the Geology 
of Cornwall, Devon, and West Somerset, 1839," and, by the 
same author, the memoir " On the formation of the rocks of 
South Wales and South Western England, 1846." 

Different memoirs by Sir R. Murchison. 

J". Came, ** On the Relative Age of the Veins of Cornwall, 
1822." 

R. W. Fox, " On Mineral Veins, 1836.' 

W. J. Henwood, "Metalliferous Deposits of Cornwall and 
Devon, 1843." 

Two volumes " On Metalliferous Deposits and on Subterranean 
Temperature," published in 1871, by Mr. Henwood, which refer 
to mines situated in Cornwall, as well as in different parts of the 
globe. 

I would mention, also, Mr. Charles Thomas'a interesting 
** Remarks on the Geology of Cornwall and Devon, in connexion 
with the deposits of metallic ores, and on the bearings of pro- 
ductive lodes," published in 1859 ; also the very able descriptions 
of mines given by Mr. H. C. Salmon in the Mining Journal, and 
in 1 862-4, in the Mining and Smelting Magazine. 

* Report of the Eoyal Cornwall Polytechnic Society, 1836, pp. 81 — 141. 
tlbid.,p. ^. 
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In 1862 I presented, in the succint form of conclusions, the 
principal results which I believed I could draw from the 
application of the directions of the Stratigraphic SyatemsX to the 
study of general geology, and of the deposits of Cornwall. I 
hoped then to have been able to develope the evidence of these 
statements in a series of memoirs, shewing, in the first place, the 
influence of the eleven most ancient aysteme upon the general mass of 
Cornwall and Devon ; in a second work to examine each of the 
more important metalliferous districts ; and finally, to complete 
the practical object of these researches by pointing out how the 
miner might apply these ideas, which are less abstract than one 
might suppose, to the working of the veins. 

In 1865 I had drawn up a good part of the first memoir, and 
laid down pretty carefully the lines of direction upon the map of 
Cornwall, but since then a variety of circumstances have obliged 
me to suspend my project, and induced me to present at first 
such partial results of my studies as seem to me more directly 
useful to the miner. 

■ 

I shall rely upon the observations which I was able to make 
in Cornwall at different times between the years 1855 and 1866, 
and I shall draw abundantly upon the English works already 
mentioned, and especially those of Mr. W. J. Henwood. This 
presents an immense collection of personal observations, together 
with the fruits of a vast erudition. In bringing together these 
rich materials the author has treated them with the most scrupu- 
lous reserve. In his ** Address delivered as President of the 
Boyal Institution of Cornwall,'* in 1871, he summarized his ob- 
servations on metalliferous deposits, and in spite of his modest 
denial he has contributed some general rules of inestimable 
value for the g^dance of the miner."^ 

The present work consists of two chapters ; in the first I describe 
the different forms of the rich parts, and indicate the general 
characters of those parts, and I conclude by shewing their mutual 
connection with each other. 

t See appendix A. 

* The geological portion of this address was published in the '' Report of the 
Miners' Association of Cornwall and Devon for 1872. " J. H. C. 



6 IntrodHctioH. 

In the second chapter, TnaJring use of hjpotheaiB, I apply the 
condnsionfl of the first chapter to the stadj of the sabtciranean. 
channelfl produced b j the fractore and movements of the ground. 

In a resume, taking the lodes of Cornwall for example, my aim. 
is to shew how the knowledge of the directions of the Stratigram 
phic Systems may be made useful to the miner, and how that 
knowledge may be acquired by a series of observations properly 
made underground. 



OBSERVATIONS 



ON THE 



LODES OF CORNWALL. 



CHAPTEE I. 



1. — Riches and Poverty in the Lodes, 



MOST of the metalliferous veins present, as is well-known, 
very great variations of riches in their different parts. In 
one place the lode is sterile through the entire absence of useful 
minerals ; in another it is unprod/uctivey because the proportion of 
such minerals is not sufficient to pay cost, elsewhere the lode is 
oaRed productive or rich^ at such places as, all expenses being paid, 
its exploitation leaves a more or less considerable profit. 

It is evident that these terms depend principaUy upon pecu- 
niary conditions and results, varying much in the same lode with 
the conditions of labor and the market value of the mineral, but 
at any given moment, and under specified modes of working, 
the miner is enabled by his experience to apply these epithets 
pretty accurately. 

One type of riches is a ** strong " lode containing mineral of a 
massive or at least a well-marked character. These conditions are 
often accompanied by a vein-stuff of moderate hardness, and a 
considerable stability in the '* walls" of the lode so that the 
labor of the miner is lessened, and the expenses of " breaking," 
"tramming," and ** dressing," are reduced to a minimum. The 
elements of poverty on the contrary are, a lode thin and hard. 
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and often subdivided into threads. The '' country/' also, is hard 
and troublesome for drivage ; or else, on the contrary, both vein 
and country are too soft, and therefore fall together. The 
vein may not perhaps be really small, taking into account its 
numerous branches, but the mineral is so disseminated through 
the earthy matter of the vein-stone in little spots or threads, 
that the expenses of "breaking," ** timbering," and ** stulling" 
swallow up all the profit. 

In the different districts of Cornwall, and even in the lodes of 
the same district, the rich parts do not equally include the favor- 
able elements above-mentioned. Thus, in the St. Just district, 
most of the lodes, both of tin and copper, are rich, not because 
of their size, but by the concentration of their mineral contents. 
Elsewhere, a *' low produce " ore occurs in great quantity, and, 
thanks to modem progress, such masses may be worked at a 
profit, and deserve to be styled '* rich parts." 

Without dwelling upon these special facts it will be admitted 
that in nearly all the mines of Cornwall, a large vein of good 
average quality is called rich. Begions which are distinctly pro- 
ductive may be called rich parts, although in different degrees, 
while those which are unproductive are poor parts. 

2. — Different kinds of Rich Parts. 

In France the rich zones of the lodes are called '' metalliferous 
colunms," {oohnnes nUtallifkres) "beaded-veins " fJUon-en-chapeUtJ, 
and " masses" {amas). The miners of Cornwall have the terms 
"Course," "Shoot," and "Bunch," as weUas "Branch" "Moor," 
and " Carbona," these terms having reference to the principal 
forms of the rich parts. 

CouBSB OF Gee. — Wherever a " level " is driven in a rich lode 
for a great distance without meeting with improductive gaps and 
the same conditions occur in the neighbouring levels we have a 
" Course of Ore " as shewn in Fig. 1, PL I. The rich part 
constitutes a great band, zone, or inclined column, varying some- 
what in size and riches, but continidng for a great distance hori- 
zontally, 150, 200, 400 yards for example, or even more. The 
approximate axis of this irregular mass generally makes a small 
angle with the horizontal. 
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Shoot op Orb. — ^The word ahoot applies to a branch, but also 
to a sloping passage or arch. Somewhat in this latter sense it is 
applied to a mass whose chief extension is in depth, the main 
axis making a pretiy large angle with the horizontal, as in Fig. 4, 
PI. I. The different shoots in the same mine often dip in the 
same direction as in the %iire.* The distinction made by the 
miners between Courses and Shoots answers to well-known ex- 
amples in the different districts, but rich parts are often met with 
whose form is intermediate between these extreme types, there is, 
in fact, a true passage from one to the other. f 

A great ** course of ore " assures to the miner a considerable 
profit and a rapid return for his outlay, whereas the occurrence 
of many shoots extending to a great depth secures a mine which, 
if well-managed, will keep up fair returns for a long time. 

BiTNOH OF Obe.— This is a rich mass in the lode ; some districts 
are essentially hunehyy the ore occurring in the vein in a succes- 
sion of bunches, like a string of beads. 

Sometimes one large bunch or principal mass is met with, more 
often a series of bunches of variable importance which occur on 
a common axis, coinciding pretty nearly with the plane of 
the lode. The term bunch applies especially to the numher in 
opposition to the sizs of the masses in the lode. A very small 
bunch is called a squat. 

The working of such deposits necessitates much preparatory 
labor or ** dead- work ;" and it is only by constantly exploring in 
advance of the actual workings that a regular production can be 
maintained. ^ 

* This ficrnre represents part of the lead lode at Snailbeach in Shropshire. It 
is a fine tvpe of shoots, a kind of natural diagram for comparison with the less 
marked hoots of Cornwall. 

t Mr. Henwood, in his "Address " provides against ambiguity by giving a dis- 
tinct signification to each of the terms. He demies courses as metallic masses, 
and oo^bies the term shoot to the "dip" or "underlie." I will add that the 
term cowrse involves the idea of riches and magnitude, and deserves such epithets 
as richi good, great ; the shoot which is eminently variable in quality and import- 
ance, is esi>CNcially an inclined column ; in an east and west lode we should aaj 
the dioots dip east or dip west. — Eep. Min. Assoc. Cornwall and Devon, 1872, 
p. 11. 

X Fig. 1 shews to tiie east of a great course of copper ore, many bunches of 
copper ore and one of tin. Fig. 3 is a section of the workings on the Crowns 
Lode at Botallack ; the rich bunches of copper ore are ranged in the plane of the 
lode, and may be regarded as the elements of a great shoot which dips beneath 
the ocean. As they were not able to sink other shafts to the westward it was de- 
cided to sink one great shaft inclined about 32^, following the rich column, while 
each of the horizontal levels extends into the sterile zones of the lode. 

These figures are taken from the Mining and Smelting Magazine, 1862. 
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Bbakohes. — When a lode becomes divided (splits) it lusually 
loses much of its value, the term hranch is then applied to those 
parts which contain enough mineral to pay for working. 

In some cases the whole series of branches contain more min- 
eral than the lode itseK. The branches pass off both from the 
lumging-wM and the foot-wally sometime they re-unite, at other 
times they die away in the rocks as joints, occasionally such 
branches run between two distinct lodes and connect them 
together. 

Sometimes an important branch passing away from the lode at 
one place joins it again at another, so as to enclose a lenticular 
mass of the '^ country." This mass is called a '^ horse." It is 
often, traversed by many little metalliferous threads, and very 
frequently, at some part at least of its jimction with the main 
lode a good deal of mineral is found. These '^ horses" do not 
of themselves constitute rich parts, but they are often associated 
with such. Sometimes they are formed, not by the jimction of a 
lode with one of its branches, but by the coming together of two 
distinct lodes and the branches common to both ; or yet again, 
by the meeting of different branches of the same lode with a 
cross-course. 

Flooes and Carbonas are accessory deposits {gites). They 
are sometimes very important, but have only been observed in a 
few mines. 

The Floors are analagous in structure to the "flats " of the 
lead mines of carboniferous limestone. They are rich branches 
of tin or copper ore which extend in a nearly horizontal direction 
to a considerable distance from the lode. The St. Just district 
presents good examples of floors of oxide of tin and schorl. 

The Caebonas are rich masses of tin ore occurring in granite, 
the true eqxiivalents of the pipe-veins of the North of England. 
They have been met with at St. Ives Consols and Providence 
Mines, both in the St. Ives District. Mr. Henwood has described 
how they are related to the lodes.* The abundant association of 
schorl with the tin is characteristic here.f 



• Trans, Boy. Geol. Soc. Com., Vol. V, pp 19-21. 

f Deposits of tin ore resembling pipe veins occur at East Wheal Lovell, in 
Wendron, and were described in a paper read to the Boyal Geological Society 
of Cornwall, in 1875, by Dr. C. Le iJeve Foster.. They differ from the St. Ives 
Carbonas in the absence of schorl. — J.H.C. 



^ 
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Sometimes the rich parts are abruptly terminated, being cut 
off by a cross-oourse, a " joint," a ** slide," or by a change in the 
<< country;" but under ordinary circumstances ''the passage 
from riches to poverty is rarely abrupt, for at the circumference 
of a rich mass the country is generally impregnated with patches 
of mineral, and traversed by thin veins.* 

8. — lUmarh upon the general characters of the rich parts. 

The English authors have always noticed with great care those 
circimistances which most frequently accompany riches in the 
lodes of Cornwall. These observations, taken at many different 
times in a great number of mines, may be regarded as the gen- 
eral characters of the rich parts. 

Mr. Henwood has simmiarized these numerous observations so 
far as they relate to the lodes of tin, copper and lead. I shall 
have occasion to make use of all his conclusions, but will here 
reproduce some of them, with a modification of form only. 

1. Those parts of the lode whose inclination is most nearly 
vertical are always most productive. 

2. In the rich parts the lode is enclosed in a ''coimtry" of 
moderate hardness. 

8. The ''courses" or " shoots" generally dip in the same di- 
rection as the " coimtry," and very often also the groups of bun- 
ches contained in the same lode. 

I shall not here insist upon the lithological characters of the 
different enclosing rocks, and the mineralogical character of the 
gang^es of different veins, nor of the nature of the different 
gozzans which indicate each of the metals, tin, copper, or lead ; 
but I shall draw attention to some other remarks, independently 
of the kind of ore, which have been made upon the mutual in- 
fluence of jimctions of lodes upon each other, and of lodes 
with their branches, or the joints of the " coimtry ;" and upon 
the relative positions occupied by the rich parts in the nearly 
parallel lodes of a given district. 

In many mines a notable proportion of the riches is connected 
with the complexity of the rocks and their fractures, whether 



* Henwood, Met. Dep., p. 179. 
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lodes or crofift-coimes. ThiiBy the Ganiiflh miniiig engineer wlio 
has to make a report, howerer brief, does not fail to state whefliier 
the mine is opened in granite alone, in kiDas akme, or at isbe 
junction of granite and kiDas; whether it is trarened by one orniaoj 
elrans, and whether anj homblendie or dioritic schists hare been 
met with. Then he mentions what lodes are known, their approxi- 
mate direction, with the amount and direction of their niMlflri^^ ^ 
and the same of the cross-courses. He states if either of the lodee 
has been found profitable in its prolongation in an adjacent mine, 
and whether anj parallel lode has been worked upon, and with 
what result. These elements, combined with local tradition, serve 
as bases from which the value of the property is estimated. The 
complexity is not always of the same order ; here it is the result 
of a passage of the lodes from one rock to another, there it is 
the occurrence of one or more elyans ; elsewhere the junction of 
different lodes is a matter of interest; again, the cross courses are 
peculiar ; finally, in great mines, these local circumstances are 
often grouped unequally iu different quarters. 

The study of any given mine, even when limited to an exam- 
ination of the mechanical element in its influence upon the form of 
the rich parts, implies that we have taken into account the pheno- 
mena of fracture and the movements of the ground concerned in 
the preparation and filling of the cavity ; in other words that we 
are aware of the proper direction and relative age of each of the 
principal movements. 

A knowledge of the ** stratigraphic systems" of the country 
enables us to co-ordinate the observations gathered in mines of 
different districts, and gives powerful aid in separating general 
characters from particular facts. 

In the present work we shall study the elementary phenomena 
of an isolated lode in a single containing rock in a region at some 
distance from junctions, intersections, or changes of rock. Far 
from being a mere abstraction, such a lode may constitute a per- 
fect mine, whilst in more complex deposits each lode with its 
*< country" considered separately realizes our idea to some 
extent. 

In suck a lode or part of a lode the configuration of the rich 
parts has a direct relation to the nature of its "country." We 
shall seek to specify the characters of these rich parts and to dis- 
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tinguish them practically from the more variable riches which 
upon other parts of the same lode are connected with the local 
circumstances already enumerated. 
We have seen that the rich parte : — 

1. Are those most nearly vertical. 

2. Are enclosed in rocks of moderate hardness. 

3. Dip in the same direction as the country. 

To these three general characteristics I now add, as a result of 
my own observations : — 

4. The bearing {*' orientation^^) of the rich parts often corres- 
ponds to the direction of the stratigraphic system with which the 
fracturing of the earth in the region in question is connected. 

It will be necessary to develope each of these characters in 
order to determine their meaning and extent. Then, still dealing 
with the elementary case of a single lode in a single *' country/' 
we shall show that the four characters are intimately connected, 
being the effects of one initial cause ; viz. : the fracture of non- 
homogenous strata consisting of a series of beds of differing 
qualities. 

I. Inounation or Underlie. — The diagram, fig. 1, pi. EC, is 
a vertical cross-section of a lode. The hanging wall is indicated 
by the line a'bVd'e^ the f ootwall by a b c d e. In the nearly 
horizontal parts a'b c'd the walls are almost in contact, whilst in 
those more nearly vertical be be'' de de'', they are considerably 
separated. 

The fracture is of an undulating character and has been fol- 
lowed at one or more periods by a descent of the hanging wall. 
This relative depression has produced a series of galleries separ- 
ated by thin very long pillars. The pillars are the flat and poor 
parts, the galleries have served as channels for the metalliferous 
fluids, the depositions from which have converted them into rich 
parts. 

This character, one might almost say this important general 
law, was recognized by Mr. Bichard Thomas, so far back as 
1819,* and by Mr. Henwood in 1843. Mr. Henwood observesf 
that in passing in depth from a flat to a vertical part it is the 

* On a Smrey of tha Mineral District between Chaoewater and Camborne, 
p. 20. 

t Trans. Bqy. OeoL Soc. Com., YoL Y, p. 231. 
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foot wall wliicli^*^ becomes more vertical, the hanging wall 
retaining its former underlie for some time, the ''steepness" 
and the size of the lode increasing together. 

This observation on the relative steepness of different parts of 
the same lode must not be extended to the lodes themselves as a 
whole. Some productive lodes are worked which are but little 
inclined from the horizontal ; others are poor although strongly 
inclined. Still, the medium inclination of the principal east and 
west lodes of Cornwall is about 70°, whilst that of the cross- 
courses (called north and south lodes when metalliferous) is 
about 80°. The cross-courses, which are mostly unproductive, 
have therefore a mean inclination greater than that of the useful 
lodes. 

In a lode we have then to consider, not only the mean inclina- 
tion but still more, the successive inclinations of its cross-sections. 
Those parts whose inclination approach most nea/rVy to the vertical a/re 
ahoa/ys the most prod/active, 

II. MoDBEATE Habdnbss — The hardness of a well-developed 
lode has usually a distinct relation to that of the *' country ;" and 
often this latter is a little softer in the immediate neighbourhood 
of the vein than at a distance of some yards. The price paid for 
** drivage," after making due allowance for special dif&culties or 
advantages, indicates pretty nearly what is here stated, viz. ; — 

In Cornwall the rich parts are generally enclosed in rocks of mod- 
erate ha/rd/ness. 

Still, it cannot be said that all very hard rocks are unproduc- 
tive, since some greenstones* have been known to contain fine 
deposits of copper ore. But from a mechanical point of view 
we may say that a favorable rock is one easy to break but hard 
enough to remain open without timbering. 

In this manner we may summarise and specify for the schists 
and granite of Cornwall the property of moderate hardness, a 
property which is elsewhere eminently relative, and which must 
be properly estimated in each district and each deposit. 

Thus, a rock of good hardness for tin is regarded as too hard 
for copper. Without referring to any particular lode, I would 




* The ironstone or " ire-stone " of the Cornish miner. 
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remind my readers of the well-known bad influence of regions which 
are too hard or too soft. The first are difficult to break, and the 
second fall too readily, and these differences both tend to 
poverty. 

Finally, the hardness of the country must be considered irres- 
pective of the modifications due to the chemical action of the 
mineral springs upon the walls of the lode, such as the decom- 
position (kaolinisation) of the granite or the silicificatiou of 
granite or killas. 

This character of moderate hardness must not be extended with- 
out reserve to all mining countries. In Flintshire,* for example, 
the carboniferous formation includes beds of limestone and shale 
covered by beds of very hard chert, which latter have proved 
very favourable to the lodes of galena. 

From the point of view already indicated we should say the 
shales were too soft to allow of a cavity remaining open, so 
that the lode is reduced to a mere joint ; the limestone has a 
good moderate hardness, and an energetic reaction, while the 
chert though hard is brittle, and in spite of its chemical inertia, 
has favoured the production of cavities in which the galena has 
accumulated ; to sum up, chert and limestone are easily fractu]*ed, 
and their cavities remain open. 

m. Dip (of the courses or shoots). This third character has 
an importance so great that it appears to me necessary to give 
many details of the circumstances under which it has been 
observed, and to reproduce the terms of the statements made by 
many observers. 

In 1836 Mr. Robert Were Fox,t quoted the following obser- 
vations of Captain Bichard Treg^skis, ** When lodes are nearly 
at right angles to the (strike of the) beds of killas, the masses 
of ore which they contain are generally conformable in their un- 
derlie (dip) to the direction or dip of such beds ; in other words 



* Gisement du minerai de plomb dans le calcaire carbonif^re dn Flintshire 
CAimales des Mvnes, t. XI, p. 361 [1857]). In the North of England, in spite of 
local differences of composition the Monnlain Limestone presents analagoos pheno- 
mena. At Swaledale in Yorkshire, according to Mr. L. Bradley, the chert is not 
exclnnyely silicions bat is an intimate mixture of 58 p.c. silica, with 37*5 p,c. 
carbonate of lime At Alston Moor, in Comberland, instead of chert there are 
beds of qnartzose sandstone, or freestone. See fig. 5, plate I, from WaUace, 

t On Mineral Veins, p. 95. 
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they usually take an oblique direction in the lodes, and form 
what the miners call shoots of ore ; and when the directions of the 
(strike of the) beds and lodes are nearly parallel to each o&er 
the ore has not usually any independent dip or shoot in a lode ; 
it is then termed a ' pipe ' of ore.* 

'^ The large courses of copper ore in killas in the Consolidated 
Mines, which are so productive at present (1836) underlie in the 
lode towards the east from the summit of the hill on its eastern 
side, whereas, the ore which was extracted from the western side 
of the hill inclined towards the west, the strata or beds of killas 
haying the same dip as the ore in both instances, and it seems 
from his inquiries that similar coincidences have been observed 
in other lodes, in the United Mines, Huel Unity, Huel Oaroline 
in Perran-Uthnoe, &c. &c. 

*^ When lodes cross the lines of junction of granite and killas, 
the masses of ore are usually conformable to their direction, and 
this happens if the ore be included either in the granite or in the 
kiUas, and it very frequently is confined almost exclusively to 
one of these rocks. 

'*It does not, however, seem to follow that other masses or 
shoots of ore in the same lodes further to the eastward or west- 
ward of the lines of junction are parallel to the direction of the 
ore at or near the junctions ; on the contrary, they not uncom- 
monly dip in opposite directions as at Huel Jewel, Huel 

Gorland, Huel Friendship, &c." 

Briefly, observes Mr. Fox, Captain Tregaskis " seems to think 
that shoots often conform in their directions, in some degree, to 
the inclination of the ground."! 

In 1843 Mr. Henwood wrote **The position and configuration 
of the granite masses seem to exercise an influence on the dis- 
position or arrangement of ores contained not only in the hdes 
which occur in that rock itself but also in those which traverse 
the slates adjacent thereto ; for the masses or shoots of ore in any 
given lode have, geAeraUy speaking, a prevailing dip, and whether 



* This expression, " pipe of ore," is very little used ; if the length is oonsider- 
able such a nch zone is called a " course " of ore. 

t Bep. Boy. Com. Polytech. Soc, 1836, p. 96. 
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they occur in granite or in slate, whether on the eastern or the 
western side of the granitic tracts, this inclination is invariably 
towards the great body of the slate."* 

He further quotes from a previously published paper of his 
own,t ** This view of the disposition of shoots of ore embraces 
those which are found in the granite as well as those occurring 
in the slate series. It therefore includes that of Mr. Tregaskis, 
which has subsequently been quoted by Mr. R. W. Fox. "J 

In 1859 Captain Chas. Thomas referred to the preceding re- 
mark in the following terms, ** Mr. Henwood says the cov/rses of 
ore which occur in the granite, or in the argillaceous or hom- 
blendic schists in the neighbourhood of the granite dip almost 
always from the granite ; this is generally so, but I have observed 
some opposite examples." 

The principal mines of Cornwall being opened near the margin 
of the granite masses, the application of this character is very 
easy, and we may either say, as he expresses it, that the rich 
parts dip towa/rds the great mass of the schists, or according to the 
expression of Mr. Charles Thomas, OAvay from the granite. 

This character extends itseK with the necessary modifications 
to mineral districts in which there are no granitic bosses. As 
early as 1848 Mr. Warington Smyth, in describing the lead dis- 
trict of Cardigan and Montgomery wrote, **In many cases the 
productive portions are observed to be more continuous in a ver- 
tical than in an horizontal range, and to incline somewhat west- 
ward in the descent. It might sometimes be inferred that the 
** shoots" of ore, as they are termed by the miner, run parallel 
to the beds of rock, and thus accompany those strata whose com- 
position has been most favorable to the deposition of metallic 
matters ; but the fact is far from being generally established, and 
they would rather appear to conform to the dip of the planes of 
cleavage, if we look at the persistence of the westerly dip in 



* Met. Dep., 193-4. 

t Edin. New Phil. Jour., XXII, p. 157. 

J In 1871, in his " Address," Mr. Henwood said " Most courses have within 
their respective lodes an endlong dip or shoot which usually approximates to 
the contour and tedding of the neighbouring granite (according to Messrs. 
Came, Boase, Henwood, and De la Beche) and io the inclination of the cleavage 

5 lanes in the adjacent slates (according to Messrs. Fox and De la Beche.) — ^Bep. 
liners Assoc. Com. and Dev., 1872, p. 11. 

B 
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some instances where the beds are inclined in the opposite direc- 
tion."* I shall give other extracts from this very interesting 
memoir. 

In 1860 I visited the Lisbnme Mines,! *^^ those of Owxjr Yst- 
with, which are reckoned among the best in Oardiganshire, where 
I recognized the characters observed by Mr. Smyth. 

In 1862 J I described the shoots of ore in the great lead lode of 
Snailbeach in Shropshire, The "country" is a silurian schial 
(Llandeilo beds). The strike of the beds is 22° east of north, 
corresponding with the system of the Longmynd ; they dip to the 
W. N. W. at an angle of about 60° ; the mean direction of the lode 
is distinctly east and west, but there are some great inflexions or 
*' turns." It dips 62° to the southward. The intersection of the 
beds of schist by the lode, gives, according to the direction 6i 
this latter, lines of intersection inclined from 45** to bb^ from 
the horizon, which is precisely the dip of the rich columns 
westward. They had discovered in 1860 six principal shoots, of 
which one had an horizontal length of 150 yards. Fig. 4, pi. I 
is a reduced section of a part of the lode. 

Without multiplying examples, I will return to the lodes of 
Cornwall : and I thus formulate the foregoing remarks, which 
apply to all the lodes, whether opened in schistose strata or in 
beds (" h(mcs ") of ancient granite. 

The metalliferous hands or zones often dip in the same direction as 
the enclosing rocJcs, 

lY. Fbofeb Beabing. — The English authors have paid great 
attention to the proper " bearing " of the lodes, and the miners 
attach much importance, not only to their mean direction but also 
to their deviations or inflexions. 

Captain Chas. Thomas especially has observed and recorded the 
intimate relation which exists between the bearing of a lode and 
its riches ; he has shewn clearly that if it is important to observe 
the mean direction of a lode, the miner should still more carefully 
observe its successive variations of direction, and their influence 
upon the value oi the diflerent parts of the deposit. 

^ ~ ' ' — ■ ' — ^^^— ^ 

* On the Mining District of Oardigansliire and Montgomeryshire. Memoirs 
of the Geol. Surrey of Great BritainTvol. 11, pt. 2, p. 667. 

t Annales des Mines, 6e serie, t. IX (1866) p. 10. 

X Ibid., 1. 1, p. 446 (1862). 
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The following extract from his lectures leave no doubt as to the 
opinions of Capt. Chas. Thomas upon these points; "aU lodes are 
subject to great variations in their direction and size, and where 
these vary the composition and general appearances usually un- 
dergo a corresponding change."* 

To illustrate his remarks, Mr. Thomas gives a plan of many 
levels opened upon different lodes in the cupriferous zone of 
Dolcoath Mine, distinguishing the rich parts frcun those which 
are simply mineralized, and these again from the parts altogether 
barren. Upon this plan he has written ** Chcmges in the hearings 
of the lodes appear to h$ the chief cause of productiveness or other- 
wise," j 

We see, then, that Oaptain Thomas was not content to observe 
the mean directions of the tin, copper, and lead lodes in 
Oomwall, but he also noticed the direction of each part of each 
lode. Accordingly, the useful angles which he has indicated for 
each of these three metals include pretty accurately the mean 
directions of the productive lodes, but still more they limit the 
groups of hearings which correspond to the rich parts. 

Thus, we read **It is important to observe that the direction 
of a lode through a mine taken from the east and west 
extremities may greatly exceed ten degrees north of east 
and yet the mine be a rich one ; but it will be f otmd on exam- 
ination that intervening portions of the lode are in the right di- 
rection, and from those portions its riches are derived," X '^^^9 
I have found in numberless instances a rich course of copper 
ore while the direction of the lode was south of east, due east, 

* Bemarks on the Geology of Cornwall and Devon, 1859. 

t The directions given by Mr. Henwood will be made use of in onr considera- 
tion of the different districts, but they do not give the details of each lode. 

On this point Mr. Chas. Thomas says on page 25, *' Mr. W. Jorj Henwood in 
his report of the two hundred mines of Cornwall and Devon has given the bear- 
ings of nearly all the lodes which he inspected. He, however, took only the geri' 
eral hearing of the lode from one end of the lode to the other, overlooking the 
variations between the productive and nnproductive par^s. By this omission he 
not only lost a fine opportunity of accumulating many important facts, but the 
whole subject of beoHngs, by his mode of statement, has a direct tendency to mis- 
lead. Taking his report for a guide, the bearing would be no indication whatever 
of productiveness or otherwise ; his rich lodes as as well as poor being found 
under almost every variation of direction. In reference to the productive par^8 
of lodes there is no such confusion, order is all but universal — exceptions, if any, 
are rare indeed, and then of limiteid extent. 

t Ibid., p. 26. 
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or five degrees north of east, but a turn in the lode taking place 
of five to seven degrees further north, the lode would not pay 
for working."* 

The practice in Cornwall is to open the lodes by levels driven 
along them about; 10 fathoms apart ; sometimes these 10 fathoms 
are reckoned vertically, sometimes on the underlie of the lode. 

Each level is named according to its depth in fathoms below 
the water level or adit. 

The shafts are usually vertical in the upper part of the mine, 
and afterwards inclined, following the underlie of the lode, and 
wherever possible in one of its productive parts. 

The plans of the mine generally include a horizontal projec- 
tion of the levels or true ''plan," and a series of longitudinal 
sections shewing the workings on each lode. In some mines 
there are, in addition, cross-sections shewing the underlie of the 
lodes. 

Upon the longitudinal sections the levels are drawn in parallel 
lines. The parts removed between the levels ( * ' stopes " ), are also 
indicated, the rich parts being colored as they are removed, 
so that their form and situation in the plane of the lode are 
conveniently shewn. The thickness, of the lode is of course, 
not shewn in the " longitudinal section." 

The plan of a mine in which there are many lodes and cross- 
courses, and which has a depth of more than 200 fathoms, is 
generally overcharged with lines, especially when the lodes have 
but little underlie. In the plan the levels alone are marked, and 
not the stopes which have been worked away. 

The median swrface of each lode is pretty well indicated by the 
plans of its equidistant levels, which correspond somewhat to the 
contour lines used in topography. Supposing this surface to be 
perfectly known, undulating, and departing sensibly from what 
might be termed the mean plane of the lode, a series of 
equidistant horizontal sections would indicate each of these vari- 
ations by their curved and straight portions. 

* Remarks on the Geology of Cornwall and Devon, pp. 5, 6. He indicates 
certain " best directions" for the three metals, as follows : — 

For Tin Lodes 30© N of E to 30^ S of E 

„ Copper Lodes 10® N of E to 50© S of E 

„ Lead Lodes lOo W of N to40o E of N 

Best Lodes 5© N of E to 25© S of E 
All bearings <' Magnetic " (1859). 
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It is this horizontal of the mean plane which we will call the 
mean direction of the lode. The curved lines, sometimes very 
different in parts, will almost always differ a little from the lines of 
the respective levels. The reason is that the levels are not ex- 
actly horizontal, but descend a little towards the shafts from 
which they were driven.* Again, they are not always driven 
exactly in the same part of the lode, and in passing from the 
foot waU to the hanging wall of a tolerably large lode, the plan 
of the level would be sensibly inflected, although there might be 
no inflexion of the walls themselves ; finally, the levels may be 
driven at different depths upon distinct branches-! 

Precise observations on bearings can only be made in the 
workings themselves, and upon those parts which are straight, 
generally upon the foot wall which is exposed by the openings 
and workings. 

Bearing in mind these remarks, an examination of an exact 
plan of the workings gives a very sufficient idea of the form of the 
deposit, and enables us to recognize the variations of bearing of 
the lode, and to appreciate their importance. Let us consider a 
plan of a level from this point of view. 

It exhibits in general a series of almost rectilinear elements 
joined together by curves, a sort of broken line with rounded 
angles. The acute angle formed by any one element, and the 
prolongation of its neighbour, is often 4**, 5°, or 7°; it sometimes 
reaches 10**, 12®, or 15®, but only exceeds this latter in special 
cases. 

The relative lengths of the successive elements vary much in 
different mines (Fig. 2 and 3, pi. II), and their absolute length 
not less so ; they are often 20, 40, or 60 yards, sometimes much 
less, but rarely more than 100 or 150 yards. 



* The miner constantly tends to rise in going forward : the use of little sub- 
terranean tramways in modern mines obliges him to maintain a regular floor to 
the " level," and securts at the same time an outward flow of water. The slope 
of the levels is about ^ to ^ an inch per fathom, but in ancient works the "levels" 
often rise much more than this. 

t Two levels ^''ends") having been driven each to a considerable distance 
from a shaft or winze, it is often necessa^ to make a communication between 
them (i.e., for the sake of ventilation). This is done by "sinking" from one 
and " rising " from the other, eo as to meet half way ; by this means the miners 
often discover that they have been working on distinct branches of the lode, not- 
withstanding which they continue to drive each end upon its original branch. 
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The deviations we have thus described are called ** turns" 
or ** warps," this latter term being generally applied to a small 
but rather abrupt bend, the former to a more gentle but longer 
bend.* 

In some lodes, after a portion distinctly sinuous, the mean 
direction becomes sensibly changed, and turns IS"", 20°, 25°, or 
even 30° ; the plan of the level in this new region oscillates 
around this second mean direction just as in the former case. 
Farther on the lode may return by an equal but contrary detour 
to a direction parallel to its original course. 

Briefly, the plan of a level is of two kinds : — 

1st. — An undulating but almost straight line of such a character 
that if we join a point A (Fig 2, 3, PL II) to the extremities B 
and C of a tolerably distant rectilinear *' element," the side AB 
may be taken as a mean direction. 

2nd. — A line of great inflexions (fig. 4) composed of large 
undulating ** elements," each of which may be taken as a line 
of the first kind, having its own mean direction pretty well 
defined.f 

It is easy to see that the first case is that of lodes in which the 
initial fissure is connected with a single system of fracture, whilst 
in the second case the opening is due to the action of several 
systems of variable powers, which having acted at more or less 
distant epochs, have prepared and developed a complex fracture. 
From a practical point of view the deposit still constitutes a 
single lode for the miner in search of ore, but to the geologist 
it is the result of a series of components, parts of which are pre- 
sented in the large successive " elements. To study the formation 
of each of these elements, to distinguish their rich and poor parts, 

• The sinuosities of the levels are more or less observable, not only in the 
different lodes of Cornwall, but also in other mining countries. Mr. W. Sm^'th 
says ol the lodes of Cardiganshire (in the work already quoted p. 659), " Their 

direction is subject to repeated variations, and at such short distances that 

some of the veins of less importance wjien drawn on a large scale, appear like 
zig-zag lines This is especially the case when the beds frequently change their 
nature. 

f M. Bivot in his Memoir on the Lodes of Violas (Annales des Mines^ 6th 
ser'es, vol. iv, 1863) has given a plan of the Solberge level or second level of the 
old lode between the Bosviel and the first cross-course,— an interval of about 150 
yards, which shews successively the following mean bearings, viz. : 105°, 135°, 
105o, 90o, and 106° E of N, or according to the German tenn : haras ('* 7» 9> 7, 
6 and 7 o'clock.") 
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to seek the origin of their deviations, their direction and extent, 
both angular and longitudinal — these must be our aims, since we 
shall thus be able to understand the first case in its entirety, and 
the second in its different parts. 

Limiting in this way our field of observation, let us see how 
a series of successive and vertically equidistant levels appear on 
the plane of projection or ^* plan.'* 

The diagram Fig. 5, PI. H, represents a series of levels 
opened 10 fathoms apart in a lode bearing nearly E.N.E., and 
underlying to the south ; the thick lines indicate the rich parts, 
the thin lines the poor parts ; it will be seen that there are two 
shooU A, B, and three unproductive zones C, D, and E. 

In passing through the shoots it will be seen that the projec- 
tions of the levels are closer together than in the poor parts, this 
is a direct consequence of the first character, viz., — ^that the rich 
parts of a vein are always those most nearly vertical. We see 
further that the levels are straiter in the rich than in the poor 
parts, and that the bearings of the two rich parts A and B are 
precisely the same. Experience shews clearly that this proper 
hearing (honne orientation) is common to all the rich parts which 
are met with in following a lode or portion of a lode which is 
nearly rectilinear, so long as it is under the conditions already 
specified, viz., — a single lode in a single containing rock. 

Repeated observations have enabled me to ascertain that this 
direction is exactly or very nearly that of the Stratigraphic system 
with which the initial fracture of the lode or portion of a lode is 
connected. 

The poor parts on the contrary do not affect any particular 
direction, in fact they correspond to the variations of 4°, 5^, 7**, 
10°, 12®, or 15° already referred to — true ^v^^j^itww imposed upon 
the fracture. We shall shew farther on that they are due to a 
want of homogenity of the country, and depend upon the 
physical properties and the relative position (strike and dip) 
of the encasing strata. 

At present we close with a general announcement, that of our 
fourth character, viz., — the hea/ring of the rich pa/rts is generally 
that of the Stratigraphic system with which the initial fracture of 
the lode in the region under observation is connected. 
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IV. — The mutual relations of the four general characters. 

I have never met with a single experienced Captain in Cornwall 
who has not observed, more or less, some of the characters we have 
above described ; but, according to the nature of the rocks and 
lodes in the mine under his management, each has.been unequally 
impressed by their importance, and especially attached to that or 
those which were most apparent in the workings under his control. 

Moreover, the natural attention to local characters, such as the 
aspect and color of the ** country," the mi aeral properties of the 
ore and veinstone in the different parts of the lode, the phenom- 
ena of junctions of rocks, lodes, or cross- veins, &c., makes it 
often dif&cult for the miner whose field of observation is 
rich, but confined to a few mines, to employ with prudence the 
qualification general. 

Thanks to the labors of English observers, this term may be 
safely applied to the characters we have specified. I believe they 
are absolute in the elementary case of an isolated lode in a single 
stratum — in other words, that they are so intimately related to 
each other, that a certain observation of one ensures the recogni- 
tion of the three others : they determine the form and position of 
the rich parts of a given lode in a given stratum. 

Such rich parts constitute what we may call normal riches^ the 
term accessory riches is applied to those whose formation has been 
especially influenced by complex circumstances, the study of 
which we wiU postpone. 

Some explanations are necessary to establish the justice and 
utility of this classification. 

From the time of the first fissure to the present, every mineral 
deposit has been constantly under the influence of those physical 
and chemical forces by which it was originally formed, or has 
since been developed and modified. 

However,it is reasonable to suppose that at some particular epoch 
the useful substances ceased to arrive in the lode, and by remain- 
ing there to increase its value, either because the general conditions 
of the deposit did not favor the deposition of mineral, or because 
the mineral fluids had ceased to circulate or had been dried up, 
or that the subterranean channels had become gradually filled up. 
At that moment we may say the lode was formed. What has 
since happened can only be spoken of as accidental, or as 
alteration. 
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Before that time, on the contrary, all the phenomena were con- 
nected with its formation, so that the miner has no more reason 
to complain of the cross-course which *' cuts out " his ore, than of 
the hard or poorband whichlimits the rich shoot ; without the solid 
pillar there could have been no favorable channel, and often but 
for the cross-course, the treasure of which he regrets the 
interruption would have been very small. 

Assuredly normal riches do not escape those local circum- 
stances which give to each mine its special character, and which 
sometimes give their preponderance to the accessory riches ; but 
if the extent and continuity of the normal rich ^a/rts a/re som^ewhat 
modified, their essential conditions of form and position are the 
direct consequences of the relations of the lode and the stratum. 

It is important to the miner to distinguish them, for he can to 
some extent reckon upon their prolongation and recurrence ; by 
them especially he recognises the mineral aptitttdes of each lode, 
and is better prepared for the dif&cult study of junctions and 
cross-veins. 

If this classification of rich parts into two groups — of normal 
and accessory — is found to be useful, we may now sum up the 
diagnostics of each group. 

The four general characters are absolute for normal rich parts ; 
while they may apply — one or more— to the accessory rich parts : 
it is because they very frequently accompany these latter that 
they have attracted the attention of observers, and have been 
recorded; the distinction, we think it proper to establish, 
however, has not been previously made. On the other hand, 
as they fail to apply to certain accessory riches, the observers 
should have multiplied the exceptions to each of their general 
rules. 

A few examples will suffice to define these ideas. 

A more or less inclined rich band may constitute an accessory 
rich part : — 

1st. — If it occurs at the junction of two encasing rocks of 
different nature, such as {a) granite and killas, (J) killas and 
elvan, &c. 

2nd. — Or if due to the junction or intersection of the lode with 
or by another lode. 

8rd. — Or to the intersection of the lode by a cross-course. 
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Let us see if, and how, we may still apply each one of the 
general characters. 

The third character (dip in the same direction as the stratum) 
exists in the first case (la) — it may or may not exist in the 
others, according to the relative conditions of the dyke of elvan, 
the second lode, or the cross-course. 

The second character (moderate hardness or special quality of 
the enclosing rock) is only relative. The mineral may be found 
in certain quantities enclosed by rocks which at other parts of 
the mine are regarded as little favorable. 

The first character (imderlie) is much more generally applic- 
able, for although certain accessory riches will be found to lay 
almost horizontal, it is not less true that the parts nearest the 
vortical are still generally the best. 

Finally the fourth character (good bearing) fails to apply to 
the accessory riches more often than the others, and becomes, in 
consequence, a valuable test. We have seen that many captains 
— and we believe Capt. Chas. Thomas at their head — have already 
recognised the importance of *' proper bearing " in considering, 
without our classification, each of the rich parts of the lode. Still 
more, an experienced miner may, in works largely opened, succeed 
in determining within a few degrees the common bearing of the 
normal rich parts. If similar observations are made upon differ- 
ent lodes belonging to the same system of fracture, the bearings 
obtained differ very little from the bearing of the system 
calculated for that district. 

A normal rich part has a good direction (IV) — an inclination 
nearer to the vertical than other parts (I), is enclosed by rocks of 
moderate hardness (II), and dips in accordance with the inclina- 
tion of the strata (III). Moderate hardness is a property of 
certain beds of the enclosing rocks, and consequently it is where 
the lodes traverse such beds that they are best developed. 
Favourable or good beds will alternate with bad ones; the 
former enclose the normal rich parts, and it is natural therefore 
that these rich parts (courses, shoots, series of bunches, &c.) 
should dip in the same direction as the containing rocks. The 
major axes of the normal rich parts will be therefore parallel to 
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the intersection of the median plain of the lode, with the planes 
of the beds.* 

A normal rich part is therefore enclosed in a good bed ; it 
remains to determine why such favorable beds should be frac- 
tured more vertically than others, and more in accordance with 
the bearing or orientation of the Stratigraphic system. 

To indicate our meaning more accurately, we will take a kind 
of medium example from ComwaU, reserving extreme cases for 
future discussion. 

The *'* country " consists of ancient schists of which the beds 
are only moderately inclined — say from 20^ to 40^ from the hori- 
zontal. 

The upheaval does not appear to have been violent, as the 
inclination of the beds is not accompanied by any such violent 
phenomena as reversals of strata, great contortions or disloca- 
cations, but simply by such fissures and joints as were inevitable. 
Let us suppose that there was a tendency to fracture along a 
line, making with the direction of the beds an angle of 20° to 
40®, or too great to allow of a simple re-opening of the joints of 
the rocks. The beds were alternately of moderate hardness and 
very hard, the latter being very fissile. 

Finally, we wiU suppose that at the time of the production 
of the fissure, the opening was extended by the descent of the 
hanging wall — a fact directly in accordance with the first general 
character. 

The diagrams, figs. 6 and 7, plate II, are two sections of which 
one is vertical and at right angles to the beds; the other is 
horizontal. The good beds bi bg, and the bad beds mj, ma, m,, 
are drawn of equal thickness, their inclination (0=35°, the 
direction, according to which the fissures tend to extend them- 
selves, makes an angle {a)oi 32° with the strike of the beds. I have 






* The favorable beds — ^whether limestone or chert — ^in the lead miues of the 
Mountaiii Limestone, and the masses of amygdaJoidal trap of the copper mines 
of Lake Superior (M. Eivot, Ann. des Mines, 1855, 1856) enclose the rich parts : 
it follows, therefore, that these parts dip with the strata. It is a similar phenom- 
enon in the ancient schists and even m the prranites of Cornwall, which are 
remarkable for their bedding, that I am here stating. It has been more difficult to 
recognise, because the beds — whether good or bad— 5o not offer such very distinct 
differences, and especially because the surroundings of the accessory nches add 
to the complexity of the deposits,* 
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represented two natural eases — the lodes Fc dipping in a direc- 
tion contrary to the country, Fa dipping with the country, i.e., in 
the same direction. 

The mean dip of each lode is about 70". 

The rupture of the rocks has been effected under the influence 
of vertical forces acting along a line corresponding to the strati- 
graphic System. The direction and the mean angle of inclination 
are, for each lode, the results of a set of circumstances to which 
we shall soon return ; but accepting the dip or underlie as being 
due to natural causes, we may say that the lodes Fc have been 
engendered by a simple rupture of the beds, whilst the lodes 
Fa are associated with both rupture and separation of the beds. 
We will now examine each of these groups. 

Lodes, Fc. — The hard beds mj, nig, nig, being difficult to break, 
have been fractured almost normally, i.e., according to the plane of 
least resistance. The good beds \ \ have more readily submitted to 
the action of gravity, and the fissure consequently approaches 
the vertical. If we suppose the fissure exactly vertical, aU the 
levels opened upon this part of the lode would be represented by 
a single line in the plan of the mine, the bearing of which would 
be exactly that of the system in action. 

The intersection of this vertical plane with the surface of the 
bad bed is inclined to the horizontal, and this, with the normal 
to the beds, determines the plane towards which the fissure is 
inflected while passing through the hard bed. 

In this bad region, the levels will be projected in the plan of 
the mine, in parallels to the direction of the normal plane. Our 
hypothesis is exemplified in many lodes, and we may affirm that 
in every case the good beds are broken in a plane approaching 
the vertical, and whose bearing is in accordance with that of the 
acting system, while the bad beds are broken somewhat accord- 
ing to the normal plane which we have defined. 

If the hanging wall of the fissure could be removed we should 
see the foot wall composed of a series of steps or ridges, inclined 
according to the intersection of the median plane of the lode 
with the plane of the beds. These ridges indicate the varia- 
tions of direction and underlie. 

In one part equidistant horizontal sections give, when projec- 
ted, traces analagous to figure 5, where the rich parts of the 
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level are parallel, near to each other, and of good bearing, 
while the poor parts are further apart and deviate in some degree 
from this proper bearing. 

Again, a vertical section across the lode shews how the mean 
dip is reproduced between the ridges, i.e., between the rich and 
poor parts. 

Thus, the four general characters applicable to the normal rich 
parts of lodes Fc are found to be intimately related. 

Lodes Fa. — The relatively easy fissuring of the good beds will 
be as in the former case near to the vertical, and of proper bear- 
ing ; but the hard and fissile beds will be crossed by a series of 
unequal steps, as shewn in fig. 8, the result being a greater 
general inclination, because the fracture is alternately between 
and across the thin plates, taking alternately the two directions 
of least resistance. The ^^ tread'' of these steps almost exactly 
corresponds with the stratification and the ** risers" are more 
or less normal ; In relative dimensions the former predominate. 

Thus, the deviation produces itself in the direction of the 
" strike " of the beds. 

We may find some mineral in the little irregular spaces r, s, t, 
u, V (fig 8). These little ** squats" scattered in the neighbour- 
hood of a level in a poor zone, do not deceive the miner, for the 
vein is still fiiit, and the step-like character of the hanging wall 
is well known as an imfavorable sign. 

With the differences just noted, the projections of the levels 

still exhibit the rich parts more nearly parallel, nearer together 

and of better bearing, the poor parts deviating from the true 

bearing and farther apart, whilst the cross-section of the lode 
shews the ridges. 

Fig. 7 (section on CD., fig. 6) represents one level of each of 
the lodes Fc, Fa. In the good beds the rich parts of each lode 
have the same bearing, but in the bad beds the level Fc deviates 
towards the perpendicular of the beds, while Fa is deflected towards 
their strike. The mean directions of the two lodes make a very acute 
angle, the bisection of which scarcely differs from the bearing of 
the system of fracture, while the intersection of their mean planes 
dips in the same direction as the beds. We shall refer again to 
these properties and to their interesting consequences. 
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Thus, whatever the direction of dip may be, we see that strata 
of good quality are generally fractured more nearly to the 
vertical, and more in accordance with the bearing of the system 
of fracture than the bad ones, and good strata are those which 
contain the normal riches. 

The four general characters, therefore, are clearly the resxdts 
of one single phenomenon, viz , — the fracture of strata of differ- 
ent qualities by forces acting along a straight line parallel to a 
given system ; and these characters determine the conditions of the 
normal rich pa/tts in the deposit. 
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SUMMARISING the ideas presented in the preceding chapter, 
we may observe that the rich parts of the Lodes of Corn- 
wall appear in different forms, and have therefore received 
different names. 

Among those characters which belong to them generally, and 
are independant of the kind of metal, four, are particularly 
important. 

The riches may be conveniently classed under two heads — 
normal and accessory rich parts. 

The form and position of the normal rich parts are directly 
connected with the original mode of fracture, and the four 
general characters are absolute as far as they are concerned. It 
is interesting to observe in each system of fracture, the two 
natural groups of cracks, Fc underlying across^ Fa in the same 
direction as the beds. 

The general conditions (** allures") of these openings in any 
given rock, depend very much upon the ** angular elements" 
i,a,, where (i)==dip of the strata and («)=angle included between 
the strike of the strat^, and the direction of the system to which 
the initial fracture is due. 

If the miners of Cornwall accept these propositions, and 
constrain themselves to observe the direction of the lodes in 
their normal rich portions, they will gather from the many small 
variations a true mean for eajch lode or series of parallel lodes, 
which will scarcely differ from the orientation of the system of 
fracture. 

The fourth character being verified by a great number of 
practical observers, merits their confidence in the same degree 
as the three others. 
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In this second cliapter, we shall study the probable modes 
whereby the subterranean channels which now compose the 
normal rich parts have been formed, and we shall use our former 
conclusions in framing certain hypotheses. From a mechanical 
point of view, we shall examine the production of the original 
fissures ; the re-openings of the fissures by the descent of the 
hanging waU ; the general conditions of the lodes of both classes ; 
and those of the cross-courses, whether metalliferous or not ; and 
we shall conclude by studying the characters common to those 
lodes which are nearly parallel. 

It is, however, necessary to take account of chemical pheno- 
mena also, since they have often modified not only the nature 
but the very form of the walls. 

I. — General Considerations, 

a. The principal physical and chemical canses which seem to have presided over 

the deposition of Minerals in lodes. 

During certain geologic periods, the mineral solutions flowing 
in their subterranean channels have varied at different points and 
different times ; and to these variations the deposits of mineral 
are due. 

The two primary causes of these variations — ^which are other- 
wise intimately connected — seem to be changes of pressure and 
chemical reactions. 

At a given point, a change of temperature or pressure 
might be produced for example : — 

a. — By changes of level due to movements of the ground, and 
especially by slow oscillatory vertical motions. 

h, — By the growth of the deposits preventing free circu- 
lation, and producing a kind of localized laboratory action, as in 
a closed vessel. 

e. — From the movement of the walls upon each other, and 
the falls of material which might partially obstruct or re-establish 
the communication with the surrounding sources of supply. 

d, — From the greater or less facility with which the ever 
varying fluids were able to circulate in the cracks, joints, and 
pores of the rock ; or to act upon it physically or chemically. 
As a consequence of this capillary circulation, the pressure 
might in some cases be quite independent of the actual depth, 
or at least, not proportionate to it. 
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e, — From the reactions between different fluids producing 
deposits at a given point whenever the general conditions were 
favourable. 

/. — ^From the action of the fluids upon the waUs, or the 
contents of the cavities. The sides of the cavity may have 
been simply the country rock itself ; or that same rock much 
altered by decomposition or incrustation ; while the walls may 
have been already invested by earthy or metallic layers. The 
reactions seem to have been manifested in the highest degree 
in the floors and carhoruu of Cornwall.* Attacked by certain 
stanniferous waters, the granite rock has given up to them those 
elements which were needed to saturate the solvent fluids and 
to precipitate and fix the oxide of tin; while the gangues 
which abound especially in tourmaline (schorl) were being 
produced by the corrosion and metamorphosis of the ** country." 

A comparison of these stanniferous carhonas with the ^fjp^t^m^ 
of the mines of the north of England, seems justified as much by 
their common mode of origin, as by the analogy of their surround- 
ings. The fluids have passed from the neighbouring veins into the 
smallest flssures and joints, by preference where those joints cross 
each other. This attack of the rock having once commenced, the 
deposit seems to have gathered material to itself, step by step, 
by a kind of accretion. 

The chemical energy of the walls is still more evident in those 
lodes which are inclosed by bands of rock of greatly different 
nature. It woxdd seem that certain bands have at times arrested 
the passage of the greatest part, if not the whole, of the useful 
metals. Elsewhere the consequences of these reactions are 
evident, even in rocks not easily attacked. The highly concen- 
trated solutions arising in channels, the walls of which are inert, 
produce under the influence of physical conditions, deposits which 
might not have been formed but for the previous saturation of 
the waters. 

Other causes concur in the production of deposits. Among 
such terrestrial magnetism and voltaic electricity have attracted 
the attention of the Cornish Scientists. We owe to Mr. R. W. 
Fox some remarkable experiments on and theories of the electro- 
magnetic phenomena of lodes. 

*Henwood, Met. Dep., p 19-21. Address, p 13. H. 0. Salmon, Mining 
and Smelting Magazine, Vol. m, p 138. 
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The special properties of the go^ssums, the evident and more or 
less complete transformations undergone by certain minerals, the 
pseudomorphs which characterise the re-solution of minerals, 
result from causes which are not purely mechanical, and which 
are still making themselves felt with variable intensity. 
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b. Formation of the initial fissures. — Fc. Fa. 



During every geological period devoted to the formation of a 
sedimentary rock, a corresponding terrestrial zone remains under 
the influence of the System of Upheaval ^tg^qt to that period and 
zone ; that is, the displacements of the ground have a constant 
tendency towards an orientation determined by the System and its 
parallels. 

The final results of these movements is a mean depression in 
one region and a relative or absolute vphea/val in a correspond- 
ing region. In many cases these undulating movements corres- 
pond to slow oscillations with accompanying fractures. 

Some high chains of mountains testify to the violence of these 
phenomena in certain parts of the zone of action of a System of 
upheaval. At the same time, parallel to the axis of elevation, 
and at no great distance, are great faults and disturbances, with 
variations, foldings, or even reversals of the strata ; the more 
distant bands are less violently disturbed. At the foot of the 
chain these vast undulations have given rise to successive steps, 
(jradins) which become smaller as they are more distant from the 
axis of movement, and more fit to produce fissures, depressions, 
and gradual downthrows, favourable for the formation of metal- 
liferous channels.* 

Cornwall, although fissured through long periods has happily 
escaped these more violent movements. Its abrupt cliffs of 300 
feet high and its hills of granite crowned with picturesque tors 
and druidical monuments ; its valleys and their little streams, 
and its raised beaches bear evident traces of the movements 
which it has undergone ; but it has neither Alps nor Pyrenees. 

From the Isles of Scilly to Dartmoor there are six principal 
gianite masses. Applying a tangent plane to these masses, 



* Thus M. Bivot has identified in the lodes of Loz^rc, the 8 to 9 o'clock lodes 
with the System of the Pyrenees, 3 o'clock with that of the Western Alps, and 6 
o'clock with the Principal Alps. 
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wliicli indicate the granitic skeleton of the peninsula, we obtain 
a slope descending to the ocean towards the west-south-west. 

Without dwelling upon the peculiarities of the junctions of the 
granite and killas, I will remind my reader that generally the 
beds of schist rest upon the granite bosses, and envelope them 
like a mantle ; the line of junction forms an angle of 20*^ to 45** 
with the horizon, the laminae of the schists dip away from the 
granite but less rapidly than the surface of contact.* This may 
be summarised by saying that the uptilting of the schists is due 
to the upheaval of the granite. 

The diagram fig. I. plate III. is a double vertical section N. 
and S. intended to represent the effects of an upheaval of the 
granite in Cornwall in its different stages. The Si/stem of Up- 
heaval is supposed to be E.W. 

The line 8.b,m,d. indicates the (hypothetical) profile which 
would result from an upheaval unaccompanied by a partial 
depression. The upper section applies to the first phase of the 
phenomenon ; the granite is slowly elevated in an anticlinal 
ridge, and the schist upon its northern flank is elevated with it ; 
but at some little distance there is a tendency to form a synclinal 
trough, both being parallel to the Si/stem, Under the influence 
of gravity a series of fissures is produced in the northern region 
between n. and d, which dip north, these are followed by a 
depression of the rocks caused by the gradual descent of the 
hanging wall upon the foot- wall. 

During the formation of these fissures others are formed to 
the south by the strain occasioned by the elevation of the granite. 
These fissures shewn between ». and m, are more or less at right 
angles to the curve of the rocks, consequently they dip to the 
south ; their walls open a little but there is little or no slipping 
because the upheaval continues little by little until it attains the 
position of greatest elevation s.b. 

Towards the end of this period the fissures Fa. extend into the 
inflected part d.m.b. 

The second phase or period of reaction, characterized by the 
partial depression of the granite, may be followed upon the lower 
section. 



* Henwood— address, p. 2. 
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There is no longer a movement of the schists, and we will sup- 
pose them relatively at rest in the neighbourhood of n\ The 
fissures which had previously been produced in the region s.m. 
actually yield by the descent of their hanging walls, and become 
more or less open cracks, Fc, while new fissures are produced 
from m, to d, or even beyond. 

Meanwhile a series of triangular prisms is produced in the 
region h.m.d. by the opening of a great number of secondary 
fissures, many of which have a greater underlie than the primary 
fissures, and so form junctions with them.* 

Besides those fissures and openings whose bearing is very 
nearly that of the System, there must be others whose direction 
is at right angles ; no zone of any considerable length could be 
elevated or depressed without meeting with interruptions per- 
pendicular to its axis. 

Besides those fractures which are developed into openings by 
the descent of the hanging wall — or which remain in the con- 
dition of mere fissures, simple joints are often produced in 
both directions at right angles, and variable in number and 
extent. 

Stni later, another system of upheaval, whose orientation makes 
with the former an angle of 15^, 25^, 30^, 45^, has taken place 
in the already fractured and fissured region, producing analagous 
phenomena, and subject to the change of direction and local 
circumstances, it either intersects the ground with new fissures 
or is absorbed by the movements of the rocks on either side of 
the previously formed fissures and openings. 

In the rich districts of Central Cornwall we recognise five 
distinct east and west Systems, whose bearings have a total 
divergence of not more than 45®. These are the system of 
Finist^re, Westmoreland, Land's End, Ballons and Pays-Bas. 

* Higbbnrrow and Martin's Lodes at Tincroft Mine, near Bedmth, seem to 
illustrate this kind of phenomenon. See Henwood, Met. Dep. Tab. L II. and fig. 
2 . pi. YI. The killas dips to the North at an angle of 10^ to 20^. Highbnrrow 
lode bears E. 25° N. and dips southward about 70°. Martin's lode bears E. 18° 
N. and dips northward for 50° to 60°. The junction occurs in the west part of 
the mine at a depth of 84 fathoms, and in the eastern part at a depth of 158 
fathoms. After meeting with Highbnrrow lode, Martin's lode continues with it, 
adopting its direction and underlie. 
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To them is due the complexity and in great part the richness of 
the metalliferous deposits. 

Thus then, we have during the first phase or upheaval of 
the granite, the formation of the fissures Fc, and fissures and 
openings Fa., with a descent of the hanging walls of these 
latter. 

In the second stage or partial depression of the granite — a 
descent of the hanging walls and re-opening of the fissures Fc. 
already formed; the formation of a new set of openings Fa., and 
a relative descent of their hanging walls; the production of 
secondary fissures and openings Fc. and Fa. especially in the 
zone of inflexion, and also by a subdivision of the prisms already 
formed, which give way under the action of gravity. The re- 
opening of these fissures results again in the depression of the 
hanging wall. The second will complete for the openings Fc. 
the effects of the first, for **the veins, whether lodes or cross- 
courses, dip much more frequently towards than from the 
granite,"* The final result may be thus expressed. The lodes 
Fc. which dip across the beds of rock predominate, 

II. — General Cha/racters of the Rocks and Lodes of Cornwall, 

We have in the first chapter for studying the formation 
of channelled fissures (both Fc. and Fa.), selected an example 
which includes all the ordinary circumstances as they are observ- 
ed in Cornwall . 

Before treating this subject more in detail, it is necessary to 
specify the mean conditions or characters of the county. We shall 
only touch incidentally upon its general geology or the lithologic 
characters of its rocks. It will be sufficient to take note of their 
principal physical properties and to indicate their surroundings, 
whether beds of killas or masses of granite. 

The inclination {i) of the encasing rock, the mean underlie (jp) 
of the lode, (whether Fc. or Fa.) and the angle {a) comprised 
between the strike of the strata and that of the system of fracture 
— these are the elements of which we shall study the influence 
upon the formation of the lode. 

* Henwood : Address, p. 6. 
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As a contrast we shall summarise the analagous characters of 
two other English Mining districts. 

It has long been known that the three metals, tin, copper, and 
lead, the principal products of Cornwall, occupy three concentric 
zones in relation to the granito. Tin occurs in the interior zone, 
beyond that the copper, while the lead is only found at some dis- 
tance from the granite. The extension of mining near the sur- 
face and in depth has but confirmed this ancient notion. As a 
general formula its accuracy is unquestionable. Gapt. Charles 
Thomas* has mentioned the occurrence of two distinct kinds of 
granite in the granito masses. He calls one pn'mitke, the other 
secondary ; for these terms I would substitute the terms Quarry 
granite and Mine granite. 

The first is practically a sort of ** farewell rock," not neces- 
sarily for the fissures themselves, but for their mineral riches, f 
It forms the principal summits and undulating plateaux or moors. 

The mine-granite on the contrary occurs at the flanks of the 
masses and in depressions at the foot of or surrounding the high 
hills. 

It may be useful to compare these facts with those observed in 
the centre of France by the authors of the Carte Geologique.J 
The gneiss is wanting in Cornwall, and properly speaking mica- 
schist only shews itself in the southern parts of the 
peninsula, while the killas rests directly upon granite 
of one kind or the other. The mine-granite corresponds with 
the " granite and gneiss " formation of the central plateau. 

To shew that this comparison is just it will suffice to specify 
the conditions of these rocks. The mine-granite resembles a 
metamorphic rock, being divided into beds. This very interest- 
ing character of bedding seems to be pretty general in the county, 
and it has not escaped the attention of geologists. § It is very 
evident in the quarries, and the workmen profit by a knowledge 
of it. Thus, at the quarries of Camsew (Penryn) and of Pol- 

• Bemarks, p. 4. 

f Ibid. " In this primitiTe granite no mine of any kind yielding a profit has 
kitlierto been diaooTered." 

t ErpKcation de la Carte Geologiqae de la France, Vol. 1, Chap. 11, p. 109.118. 
§ Henwood : Address, p. 10, " a bedding approximating in Tarious places to 
Hbe co nfa wr off tbe sor&oe often gives the rock a somewhat gneissoee character. 
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canago (Stithians), opened in the mass of Cam-Menolez, 
they often make great blasts in an almost horizontal direction, 
where the beds are weU-defined. At the Cheesewring, towards 
the north of the Caradon district, the quarries are opened with 
reference to the direction of these beds or sheets of granite. 
** The beds or sheets of granite " says Mr. Henwood,* ** which, 
differing much in thickness and declining 5^ — 10® towards all 
sides of the hill — conform in some measure to its contour." A 
little further on, speaking of the cupriferous deposits of the same 
district, he adds that the lodes underlie towards the granite, i.e., 
contrary to the bedding of the granite or schist. 

Mine-granite is naturally imfit to furnish fine blocks of ashlar, 
so that it is better known by its effects upon the veins 
passing into it than by any openings made upon it from 
the surface. The inclination is variable, but it corresponds 
pretty accurately with the line of junction of the killas and 
granite,! which **makes with the horizon an angle of 20° to 45®." 

The stratification of the killas is often indistinct in the metal- 
liferous regions, and especially in the immediate vicinity of the 
lodes, on accoimt of the abimdance of joints, but the planes of 
slaty cleavage seem to coincide pretty well with the true bedding 
of the strata. **The alterations in the characters of the slate 
rocks appear to take place at right angles to the strike of their 
cleavage, and hence the succession of their laminae must indicate 
if anything can do so the successive periods of their deposit." J 

The killas varies much in different districts. Mr. Charles 
Thomasg warns us against certain schists which, if not completely 
sterile, are unproductive of metallic minerals, and which occupy 
zones of considerable extent in the two counties. As extreme 
types he indicates on one side the roofing slates, on the other true 
mud-stones. 

In each mining district we may observe a series of beds, often 
distinguished by their color, which present, like the beds of 
mine-granite, hardness of several distinct degrees. The hardest 



* Met. Dep. 1871, part 1. p, 672, 674-675. 
t Henwood : Address, p. 2. 
t Ibid : Met. Dep., 1843, pp. 158-152. 
§ Remarks, p. 21 and p. 4. 



40 Observations on the Lodes of Cornwall. 

are the hornblende schists, sometimes passing into true green- 
stone ("ironstone" or "irestone" of the tin and copper mines) 
which either constitute a series of intrusive beds, as in the 
extreme west of the peninsula, or else are intercalated with the 
killas, like the dioritic bands to the north of Camborne. 

Q-enerally, the schistose strata are tolerably thick, and less 
inclined than the surface of the granite which supports them. 
Their strike proceeds in a great curve upon the flanks of the 
granite masses. They are, indeed, in some places subject to 
minor plications, but in a much less degree than the carboniferous 
schists of Devon, which have been under the influence of the up- 
heaval of the great mass of Dartmoor. Compared with the 
ancient schists of many other countries, the killas of Cornwall, 
in spite of numerous variations of direction and inclination, is 
very little disturbed. 

Sir H. de la Beche has endeavoured to follow up and to con- 
nect, step by step, the beds observed in different districts. The 
sheets of the Ordnance Map (on a scale of 1 inch to the mile) 
contain many arrows indicating the dip of the beds. Mr. N. 
Whitley* has continued this delicate but most important study, 
and in a picturesque form has condensed upon a map, on the scale 
of 1 inch to 3 miles, the results of his observations made from 1853 
to 1858. This map shews clearly the schistose strata forming a 
mantle around the granite masses. The map also indicates two 
exceptional facts — horizontality of the strata for a small distance 
to the west of Liskeard and the south of Padstow — and verticality 
near Saltash. 

The mines of Cornwall and Devon are variously grouped in 
districts by different authors. Such a classiflcation should not 
be arbitrarily devised, because it presumes that the mines of 
each group have characters in common. 

Mr. Eobert Hunt has adopted for his " Mineral Statistics of the 
United Kingdom" a very simple classification. Cornwall is 
divided into four great districts, the west, west-central, 
east-central, and east, while the whole of Devon forms one single 




* I owe to Mr. Whitley a very excellent manoscripi; copy of his map of the 
strike of the slate heds in Cornwall and Devon ; his memoir is mentioned in the 
imnual report of the Boyal Qeological Society of Cornwall, published in 1865. 
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district. The same classification includes both tin and copper 
mines (as well, also as those of iron, lead, &c.), many of which 
are indeed the same. His west-central district contains nearly 
one half of the mines, and its annual production of tin and 
copper exceeds in value that of all the other districts put together, 
Each of Mr. Hunt's groups is connected with one of the great 
granite masses, i.e., proceeding from West to East — Pen with. 
Cam Menelez, Saint Austell, Bodmin, and Dartmoor. The gran- 
ite foundation of the county is also exposed to view at other 
points forming islets (or outliers) of minor importance. These 
are Tregonihg and Godolphin Hills, which are situated between 
the granite masses of Penwith and Cam Menelez, but not related 
to them, the granitic cape of Cligga Head upon the north coast, 
which plays a more important part than its extent would seem 
to indicate; finally, the islets of Kit-Hill and Q-unnislake, the 
connecting links between Bodmin Moor and Dartmoor, form of 
themselves the axis of a district. 

Mr. Henwood has described twelve districts— ten in 1843 and 
two others in 1871. 

Mr. H. C. Salmon* in enumerating twenty, gives four for Devon 
alone. 

In the following table I have brought together the divisions of 
Mr. Robert Hunt and Mr. Henwood, and I have added in the 
intermediate columns the names of the masses and islets of 
granite. 



* Mining and Smelting Magazine, Vol. V, 1864, pp. 258 and 328. 



Obtervatiim* on the Lodsiof Cornwall. 
TABLE I. 



1 






MHBsea of Oraoite. 
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CamboniB and 

Illogan 
Redruth and 

Owennap 
St. Agaei 




East 
CcntrnI 

Eoat 


=1 


St, Austell ... 
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Cfllatock 
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Drirtmoor .. 




. TaviBtock, etc. 









The following are the principal eaat and west Systems of up- 
hoaval, wliicli liave elevated the ancient rocks of Cornwall, and 
to wliicli the iis.'iures of the tin and copper lodes ate due. Up to 
and iucludiag the Permian Epoch there are six Eaat aod West 

Syateme :— 

Finist^re E. 21M6'N. 

Morbihan W. 36M3'N. 

Westmoreland E. 40° 24' N. 

Land's End E. 8' 23' N. 

BaUons W. 5° 0' N. 

Pays Bas E. 14° 55' N. 
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Four of these bear north of east ; two only, those of Morbihan 
and Ballons, north of west. Within half a degree their direc- 
tions are, — 



N. of W. 



The first group is the best developed, and corresponds with the 
directions of the principal lodes in almost all the districts. This 
is shewn by bringing together the preceding figures and 
those given by Mr. Henwood, as in the following table ; — 

TABLE II. 



Finistere 


22^ \ 




Westmoreland 


^ JI ( N. of E. 


Morbihan.. 36° 


Land's End . . 


Ballons. ... 5° 


Pays Bas 


15" ) 





Great Divisions 



Districts. 



I 



r St. Just 

-l St. Ives 



West 

^ Marazion 

Gwinear and 

Crowan 
Helston .. 
West CentraH Camborne 



East Central 
East 



Redruth 

St. Austell 



I 



Caradon 



Devonshire j Tavistock 

. I 



General bearing of the Lodes 
according to Mr. Henwood. 



Between N W. and N. (av. W .35^ N) 

Mostly N. and E. 
The principal lodes be&r E. 20^N. 
Many E, 25® N. some W. 20^ N. 

From E. 15 to 35^ N. 

From E. 20 to 40"^ N. Some diagonal 
lodes or " caunters " W. 10 to 
30* N. 

From E. 15 to 30^ N. 

E, a few degrees N., and others to- 
wards N. W. 

Average E. 18^ N. included, between 
E. 35° N. and W. 5"=* N. 

Average E. 9^ N. i.e nearly E. and W. 



Of 292 lodes registered by Mr. Henwood,* the angle of 40° 
contained between E.W. and E. 40° N. includes 177, i,e 60 p.c. 
are contained in a range of 22 per cent, of the circle. 

The E.N.E. direction which generally prevails for the lodes is 
also that of the great metalliferous zone distinguished by Capt. 
Chas. Thomas, who remarked that the profitable mines were all 
included in a zone about twelve miles wide, extending from the 
Land's End to Exeter, a distance of about 108 miles, in an E.W. 
(mag.) direction.! 



* Met. Dep. 1843, Table CIII. 
t Bemarks, p. 18, 
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If we draw from Cape Cornwall a line bearing E. 21^ 46' N. 
parallel to the system of Finistere it will traverse the mass of 
Pen with at the following points, viz., Cam-Kenidjack (640 feet 
high), Ding Dong tin mine, near the south foot of Trink Hill 
(652 ft.) It then crosses the Kajle estuary, grazes the north side 
of the outlier of Cam Marth, passes through Carclaze near St. 
Austell, crosses the Tamar at Calstock, and thence in the same 
direction after crossing Dartmoor arrives near Topsham, at the 
head of the great estuary of the Exe. This line cuts through the 
masses of Penwith and Dartmoor, leaves that of Cam Menelez 
to the right, those of St. Austell and Bodmin to the left, and 
finally, being prolonged to the W.S.W. it grazes on the north the 
Scilly Isles. 

It represents pretty well upon this length of about 140 miles 
the fundamental axis of the peninsula But in consequence of 
the geological antiquity of the phenomena the direct influence of 
the System appears only to a limited extent, which, however, 
shews itself clearly in the west-central district. 

The three masses of Cam-Menelez, St. Austell, and Bodmin 
form the landmarks of the principal chain of Cornwall. A line 
bearing E. 40® 24' N. parallel to the system of Westmoreland 
joins the granitic islet of Cam Brea (740 ft. high) with the high 
peak called Brown Willy (1368 ft.) in Bodmin Moor. This is 
marked even now by the relief of the ground, and by numerous 
lodes of which some, near Camborne, contain tin and copper ; 
others in the neighbourhood of Chiverton and Newlyn contain 
argentiferous galena in kiUas. 

From Cam Brea the line passes to Trefula in the islet of Cam 
Marth; touches the kiUas from Jenkin's Barrow (457 ft.) near 
Mitchell, to Carvinack near St. Enoder, and to Indian Queens, 
and is continued between the outliers of Castle-an-dinas (729 ft ), 
and Belovely Beacon (765 ft. ) ; entering Bodmin Moor a little north 
of Blisland,andbyCarbilla Tor (860 ft.) and Garrah (1060 ft.), 
reaches Brown WiUy, and leaves the mass at West-Cam to the east 
of Bray Down. There are other lines parallel to this which are 
pretty evident, such as that from Wendron (400 ft.) in the Cam- 
Menelez mass, by Watch Hill (850ft.), and Hehnen Tor (687 ft.) in 
the St. Austell mass; near Brown Oilly(1100),Trewartha(1050ft.), 
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and Hawks Tor in the Bodmin mass. There is also that which 
follows part of the North Coast through St. Agnes Beacon 
(621 ft.), and another line which passing through Pendennis 
Castle in Falmouth Harbour cuts the point of the Black Head in 
Tywardreath Bay. 

Subsequently, the System of the Land's End has upheaved the 
Devonian formation. It is'iuteresting to follow a parallel of this 
System bearing E. 8° 23' N. through the summit of the outlier 
of Kit Hill, (1067 ft.) Eastwards this line traverses Hingston 
Downs and the outlier of Gunnislake, following its greater axis ; 
enters Dartmoor at Putor, passes through North Hessary Tor 
(1730 ft.) near Princetown, towards Eippon Tor (1549 ft.). West- 
ward it cuts successively Caradon Hill, Cardinham-Bury (840 ft.), 
and the granitic point of Warleggan at the S.W. extremity of 
Bodmin Moor ; and follows almost exactly the anticlinal axis of 
St. Breock Downs (Great Stone 739 ft.). If through St. Agnes 
Beacon we draw a second parallel, it passes about a mile to the 
southward the'range of killas hills of Perranzabuloe and Jen- 
kin's-barrow, passes the foot of St. Mewan Beacon near St. 
Austell and on to the Par Consols Mines, thence to St. Veep, 
to St. Germans, by the trap rocks of Saltash, and finally makes 
its exit at Hope's Nose near Torquay. 

These lines parallel to the systems of Finist^re, Westmoreland, 
and Land's End, are but a small proportion of those which may 
be profitably followed on the Maps of the Geological Survey,* 
but they will doubtless suffice to indicate the intimate relations 
which we may recognize between the E.N.E. directions of the 
rocks and those of the principal lodes in most of the districts. 

As to the directions of Morbihan and Ballons, the latter is clearly 
marked in the east-central, and some of the mines of the eastern 
districts. The combined effect of the two systems is found in 
the caimter lodes of the west-central district, and finally, the direc- 
tion of Morbihan may be observed at the western extremity in 
the lodes of the St. Just district, where it predominates. It 
also occurs in a certain number of veins in the St. Austell district. 

This is not the place to enter upon the study of each of these 
districts, but we may remark that the most important lodes are 

* It is of couTBe necesBary to take into account the convergence of meridian 
northward. 
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situated upon the north or south flanks of the granite masses. 
For instance, to the westward, — St. Ives on the north flank of 
Penwith; Camborne and Illogan on the north flank of Cam Brea; 
a great part of Redruth and Qwennap on the north and south 
flanks of Cam Marth ; St. Agnes to the south of Cligga Head ; 
Crinnis, Charlestown, Pembroke and Polgooth Mines on the 
8.S.W., and Par and Fowey Consols on the S.S.E. of the St. 
Austell granite ; Caradon Mines on the south of Bodmin Moor ; 
Callington on the south of Kit Hill and Qunnislake ; and finally 
upon the north of Gunnislake the rich mines of Devon Great 
Consols near Tavistock. 

Other districts or parts of districts are, on the contrary, situated 
on the east or west flanks of the masses, and many are contained 
in the intermediary basins of kiUas. Thus, St. Just is upon the 
west flank of the Penwith granite, and the direction of the lodes 
there differs much from that of the contact of the granite and 
schist. Marazion is on the eastern side of the same mass, on the 
north of St. Michael's Mount, and the west of Qodolphin and 
Tregoning Hills. Crowan is clearly subordinate to the western 
side of Cam-Menelez while Gwinear, is related to both Cam 
Menelez and Godolphin Hill. The rich tin mines of Wheal Vor 
and Wheal Metal in the Helston District are equally between 
these two masses. Upon the east flank of Cam-Menelez is the 
old and celebrated Tresavean Mine, and passing over a great 
space we find Wheal Friendship upon the western flank of Dart- 
moor. Finally, some mines occur entirely surrounded with 
granite, of which the little Wendron district is an example. 

The lead lodes of Cornwall have entirely different bearings. 
I have already mentioned the existence of the E.N.E. lodes in 
the Newlyn and Chiverton districts ; other lodes of the E. W. 
group are known at Budnick, nearer to St. Agnes, and at Swan- 
pool, near Falmouth. Nevertheless, the norili and south lodes, 
or true metalliferous Cross-courses are most important, from 
those of the neighbourhood of Exmouth, those of Beeralston 
and Beerferrers on the river Tamar, and others to the south of 
Liskeard in East Cornwall ; to the lodes of Garras, northward 
from Truro, of East Wheal Rose, Wheal Golden, and oth^s 
near Perran-Zabuloe. Still further westward lead-bearing cross- 



Strata of unequal resistance. 47 

courses are known, but they are unproductive, except those at 
Wheal Bose and Wheal Penrose, near Helston. 

Summarising the general characters which are developed in 
the preceding pages we may Bay- 

The rocks of Cornwall in the neighbourhood of the mines are 
composed of masses of granite and beds of killas, tolerably thick 
and relatively regular. As we have stated, the favourable strata 
are ordinarily of moderate hardness, whilst generally the unfavor- 
able strata are excessively hard. Frequently, in fact, those bad 
parts which are too tender belong to some good stratum which, 
over a certain extent, loses its moderate hardness and becomes 
rotten; at any rate most districts contain these over- tender beds.* 

The required alternation of strata of unequal resistance 
corresponds with the occurrence of a non-homogeneous rock. In a 
homogeneous formation composed of precisely similar strata, 
beyond the mere separation of the strata we cannot imagine a 
fracture fit to engender subterranean channels, for deplane fissure 
will be the necessary consequence of its homogeneity. Therefore, 
although there may have been relative movement, the two walls 
of the opening will not cease to be in contact over their whole 
extent. 

The want of homogeneity alone permits of an irregularity of 
fracture. In Cornwall the alternation of strata, almost homo- 
geneous individually, but dissimilar as compared with each other, 
determines the furrowed fissure which most often manifests itself 
by simultaneous variations of dip and direction in the lode. 

The principal east and west lodes have a mean dip of about 
70**, whilst the inclination of the rocks is often 15^, 20^, or 30«*, 
and rarely more than 40^ or 50^. It is therefore very clear that 
P is greater than i. 

* With these views we may thus interpret the diagrams 6 and 7, plate III. 
Leaving the good beds &i, 62 and the mean dip P unaltered, but substituting beds 
which are too hard for the too tender beds. Let us suppose that the 
fractures Fc and Fa result from a sinking of the hanging wall. The good beds 
would be broken almost as shewn , but the bad ones would yield themselves {Fc orFa) 
to inclined fissures, which make up for the steepness of the good ones so as to 
compose the mean dip. These fissures then become planes of sliding. As to the lodes 
Fc it may be noted that if the inclination of the normal plane is a sort of limit 
of the dip of the fracture in the too hard beds, nothing analagous exists in the 
too tender beds. The fissure may therefore dip less than the normal plane. 
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The phenomena of walls resulting from the separation of 
strata (entre-baillement) so characteristic of certain deposits in 
other mining countries, are scarcely of interest in Cornwall, 
except at the points of contact of dissimilar rocks such as killas 
and granite or killas and elvan. Finally, the value of a, the 
angle comprised between the strike of the "coimtry" and the 
bearing of the System of Fracture is often very small. 

The E.N.E. lodes for example, upon the N. and S. flanks of 
the masses present channels but little inclined to the hori- 
zon. The dip of these channels increases with t, and within cer- 
tain limits with a, so that in a given rock, the bearing of the lodes 
of which diverge sensibly from that of the strata, until the angle 
a equals 30^, 40°, or 50°, the normal rich parts or shoots are 
so much more inclined. This is observed upon the E. and W. 

flanks of certain masses, or in the secondary lodes of other dis- 
tricts. 

To these general statements we must add that the dykes of 
elvan have upon many points a very notable influence. They cut 
through granite and schist ; being met with in a district entirely 
composed of killas they indicate the probable presence of granite 
at a moderate depth, at least we may presume its existence in the 
depths of the lodes of tin and copper, which in Cornwall connect 
themselves with the granite rocks. They are generally large, 
their bearing is tolerably analagous to that of the principal lodes 
in each district. They dip more than the rocks and less than the 
lodes. In qualifying as accessory the riches which attach them- 
selves to them, our object has been to differentiate them from 
the normal rich parts. The elvans, it is true, form for the lodes 
a kind of encasing rock or " country,'' but even from a mechanical 
point of view their influence is so complex as to become an 
object for particular study. 

c. Comparatiye statements as to the Lead district of Alston Moor in 

Cumberland. 

Mr. W. Wallace in 1861 published* a very interesting work 
upon the lead mines of Alston Moor. The descriptive part of 
this work includes a map of the district and a series of very in- 
structive sections. K it is impossible for us to accept the theoreti- 
cal views of the author upon the mode of filling of the veins ; 

* The Laws which regulate the deposition of Lead ore in veins, by W. Wallace. 
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still we cannot too much praise his attentive study of the con- 
ditions necessary to form and to maintain the subterranean 
channels of the lodes. 

The following is a short extract from Mr. Wallace's book : — 

" The carboniferous series at Alston-Moor is essentially com- 
posed of alternate beds of quartzose sandstone, argillaceous 
schist and limestone. The ^reat limestone has a thickness of 63 
feet ; deeper down is found the Scar Limestone of more than 
double that thickness, but hereabout it is less explored than the 
preceding. The beds are only inclined a few degrees ; in this 
respect they contrast with the schists of Cornwall, and we may 
say that they constitute a horizontal formation. 

" There are three groups of veins. 

"1. The E W. veins, of which the directions are often inflected, 
and turn to N. of E. in going eastward. Their bearings are 
comprised within a icseful angle of 60°, of which the limits are 
E. 52°N. andE. 8°S.* 

"2. The cross-courses are generally straighter and less diver- 
gent from their direction, which is N. 22^ W. 

** 3. The quarter-point or diagonal veins form two sub-groups, 
one bearing about N. 13^ E., the other W. 33^* N." 

In connection with these different veins *' flats " or lateral de- 
posits occur, specially limited to certain beds. 

The quarter-point veins are in general very small, and their 
useful effect is concentrated at their junctions with the lodes 
properly so called, which they very much enrich at these points. 

It is the resisting beds, the limestones especially and some- 
times even the sandstones which enclose the riches of the 
E.W. lodes. As to the cross-courses they only contain mineral 
while between walls of tolerably thick beds of limestone. 

The argillaceous schists are sterile, besides which the enormous 
quantity of clay resulting from their crushing has often ob- 
structed the subterranean channels and so played a considerable 
part in the separation of the rich parts one from another. 
The good beds here are the hard ones, they have been broken 
in planes of least resistance i.e. at right angles to il[iQ bed- 
ding, and almost vertically; the schistose beds have furnished 

* The magnetic bearings of the author are here converted into true bearings, 
taking for the date and country under consideration a west declination of 22^. 

D 



50 Observations an the Lodes of Cornwall. 

by the inclination of the fissure a component which is oblique to 
the mean dip. Fig. 5,* pi. I is a section of a rich east and west 
vein in Alston-Moor. 

The schistose pillars offer very little resistance to crushing, 
but lend themselves readily to a sliding of the hanging wall. 
Owing to the marked character of the beds upon each side we 
are able to measure accurately the amount of the downfall, not 
only for each vein but in different parts of the same vein. Hence 
it follows that the size of the rich parts, or the separation of the 
vertical walls is in direct relation with the height from which the 
hanging wall has slipped over the foot-wall, while the fall has 
not exceeded certain practical limits. In fact, in order that the 
subterranean channel may be maintained, both sides of it 
must be hard rock, so that the descent of the hanging wall 
must not be such as to bring the argillaceous zone of the hanging 
wall opposite to the hard and vertical face of the foot- wall. 

The amoimt of faulting in the quarter-point veins is very small; 
variable but notable for most of the good E. W. veins (5,10,15, 
18, 24, 36, and exceptionally 60 or 84 feet), variable also, but 
often greater for the N.S. cross-courses (18, 36, 40, 60, 84, 96, 
120, 260 feet.) 

The comparative poverty of the cross-courses is not uncon- 
nected with the greater extent of the faults in their case ; where 
the beds are thin the projections of the little steps 
are masked, or even obliterated, while only the thick beds 
of limestone can furnish two solid walls ; and the miner may 
think himself fortunate if the channel has not been entirely 
obstructed by the products of attrition. The unfavorable 
influence of great faults has been recognised in other car- 
boniferous limestone districts. Mr. Lonsdale Bradley, in a work 
on the lodes of galena in Swaledale, Yorkshire (1862), remarked 
on this subject, '* large throws occur in general in the cross- 
courses bearing N.S. or N.W., S.E., and the veins in which they 
occur are always unproductive, because the favorable rocks, 
chert or limestone, do not occur opposite to each other. 

Constant study of stratigraphy alone can in similar mines fur- 
nish a scientific basis for the labors of the engineer. Excluding 
the particular case of flats all the riches appertain to the class 
which we have called normal rich parts in Cornwall. 

* W. Wallace, fig. 2, pi. x, p. 116, 
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The object of the miner in this district is to ascertain the 
causes of variation in the quantity and value of the plombif erous 
filling, and those circumstances which assure its continuity in the 
assigned zones. He is guided by the distinctive characters of the 
strata, their small slope corresponding to the almost horieontal 
shoots, so that he has not, as in Cornwall, to concern himself with 
frequent turns in the level. On the other hand, a knowledge of 
the Stratigraphic Systems will enable the miner to utilize the 
identity of their directions with those of the larger elements 
of the inflected veins ; it will assist him to establish more exactly 
the chronological order of the fissures and their re-openings, and 
to arrive still further towards an appreciation of the mechanical 
phenomena which have governed the formation of the subter- 
ranean channels. 

d. Characteristics of the Lead district of Cardiganshire. 

I have already cited (pp. 18, 22,) the paper contributed by Mr. 
Waring^on W. Smyth to the Memoirs of the Geological Survey 

in 1848. I follow him almost exclusively in summarizing here 
the essential characters of the rocks and the rich parts of the 
lodes. 

The metalliferous zone extends from N.N.E. to S.S.W., with a 
length of about 40 miles and a breadth from 5 to 22 miles. The 
rocks comprise a series of beds which vary from soft shale to 
coarse sandstone and conglomerate, and include a great number 
of fissile schists, flagstones, and argillaceous rocks. 

They belong to the Lower Silurian formation, and form part 
of that vast territory which, in the counties of Carmarthen, Car- 
digan, Radnor, and Montgomery, seem to contain nothing more 
ancient than the Caradoc and Bala beds, nor more recent 
than the base of the Llandovery rocks.* The elevation of the 
ground is due to the repeated convolutions of the same strata, 
the entire district is merely a series of great undulations of which 
the axes are directed N by E. 

The mines form six natural groups or productive zones parallel, 
to the axes of these undulations. 

Ist, Commencing at the westward, with the sterile sandstones 
of Aberystwith, the lodes of the first group are small and yield 
galena which is poor in silver, a little blende, and, at two or three 

* Murchison— Siluria and Silurian System, 8rd Edition 1859, p. 81. 
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points, some copper pyrites. The beds are moderately inclined 
to the west, but pass constantly into roofing slate, which is unfav- 
orable to the continuity of the rich parts. 

2nd. The second group received two centuries ago its 
name of the JFelsh Potosi. The schist is of a lighter color 
tending to a bluish or greenish grey with a sort of greasy lustre, 
but it contains some beds of a more massive character. In conse- 
quence of this it would seem that the size of the lodes is increased 
to 20 feet or more. The principal lodes are worked at Goginan 
Cwm Sebon, Cwm Sylog, Daren, Pen-y-Cefn, and Esgair Hir. 
The proportion of silver sometimes amounts to 38 ounces per 
ton of lead. 

^rd. In the third group the characters of the country and of the 
lodes are all subject to great variations. Sandstones and roofing- 
slates are met with as well as the grey indurated argillaceous 
rock which encloses the lodes. At Llwyn Malys the galena is 
pretty rich in silver; at Frongoch, it is accompanied by blende. 
The Estymteon lode contains some veins of iron pyrites, that of 
Pen Drosgol some oxide of manganese. 

^th. This group consists of lodes of galena, containing but 
little silver, with blende and carbonate of lime at Logaulas, 
Esgair y Mwyn and Nant y Creiay ; at Llanf air Clydogau, and 
at Qlogfach (1860) the lead ore contains silver. To the north 
of Plymlumon Fawr, where sandstones and fissile schists abound, 
they have not discovered up to this time any trace of mineral. 

6th. In this group the principal mines are Cwm Ystwith and 
Deliffe. In the south frequent intercalations of arenaceous 
matter are observed, but to the north of Deliffe argillaceous 
schists; numerous lodes of copper have been worked in this 
group. 

^th. This metalliferous band is limited to the east and north 
by the sandstones which crop out from under the Wenlock shale. 
Some of the Ynines are characterised by the presence of witherite 
and barytes as a gangue with galena. 

The predominant direction of the lodes is E.N.E., which is 
within a few degrees that of the most productive deposits Goginan, 
Daren, Glogfach and Cwm Ystwith ; at Old Logylas and Esgair 
y Mwyn they reach 40° and 44" N of E.; at Frongoch and Grog- 
wynion they fall to E O** to 12° N, etc. Many of the lodes in 
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passing to the east of the river Rheidol are inflected strongly 
towards the north. Upon the borders of the mineral district 
some lodes of galena of little importance are known, which 
approach a meridional direction ; and finally, the lode of the Tre 
Taliessin may be mentioned as an exception (N.W.), which was 
very productive; and also the Comet Lode (W.N.W.) which was 
rich at its junction with the principal lode of Cwm Ystwith. The 
general underlie of the lodes varies from 60^ to 80°. 

The class of cross-courses is represented by some small trans- 
verse fissures; sometimes they are "slides" full of clay; some- 
times simple partings of the rock. The result is often a heave 
of some feet. 

To return to the metalliferous lo4es and the condition and 
characters of their rich parts. 

The direction of the lodes as we have said in the first chapter 
is subject to repeated variations within short distances. Com- 
pared to the bends and zigzags of the levels, the changes in the 
underlie of the lodes are less marked ; and when the lode becomes 
flatter the resulting impoverishment is less evident than in other 
mining districts.* 

Some veins have a "banded" or "combed" filling, but the 
brecciated structure prevails, angular fragments of schist of all 
sizes abounding; the principal earthy gangue is quartz, while fluor 
spar is absolutely wanting. The ore-bearing portions or rich 
parts have suggested many of the remarks made elsewhere. Thus 
the junctions of the lodes with each other, or of lodes with their 
branches are favorable, especially if the veins make an acute 
angle. At Logylas and Glogfach again the branches play a great 
part ; at Goginan and elsewhere it is the coming together of many 
veins in one which constitutes the rich parts. 

When two lodes cross each other at a considerable angle the 
riches may continue in each near the intersection, but they disap- 
pear at a little distance if the country is of an unfavorable nature. 

The accessory rich parts form almost exclusively shoots of 
ore ; it is the same with the normal riches, which are subordinate 
to the encasing rocks and dip with them. ITie influence of the 
country is clearly defined by Mr. Smyth, who concludes by saying, 
" The actual following of the vein in a level certainly proves to 

• p. 669. 
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be an index to the rock wliicli it trayerses, for, as soon as it dim- 
inislies in size, and is filled "with soft argillaceous matter, the 
adJELcent rock is invariably found to have degenerated to a shaly 
character. In Cwm Sylog, some bands of fissile slate, which 
at the surface resist decomposition and degradation better than 
the more massive beds, are traversed by the lode, and exhibit this 
result very distinctly ; in the more productive parts of the mine, 
the rock, as in all the Goginan district, is so solid that its bedding 
would often be indistinguishable but for the stripes of a darker 
color which here and there relieve its pale grey tint ; but where 
the lode passes into the '* cross-measures," as they are termed, 
of slate, not a vestige of ore remains to tempt the miner onwards.* 

The preceding quotations will suffice to shew the existence of 
well-marked analogies and contrasts between the phenomena 
(allwres) of the lodes of Cardiganshire, and those of the principal 
lodes of Cornwall. 

In both countries an E.N.E. direction predominates, but the 
strike of the schists of Wales (N.N.E. and N J E) only occurs 
exceptionally in Cornwall. 

The differential character as to the form of the deposits of the 
two countries appears to be connected with the value of a. 

Viewed generally we have seen that the stratification of the 
Silurian schists of Cardiganshire is determined by the great un- 
dulations which have been recognised, but different upheavals 
have somewhat modified this general strike of the rocks ; thus, 
from Aberystwith to Logylas the N.N.E. direction (Longmynd) 
seems to prevail. 

If we compare the mean direction of the lodes (E.N.E.) with 
that of the schists (N.N.E., and N J E) the angles comprised (a) 
are from 45° to 56°. With these same rocks the six east and west 
systems already considered in Cornwall would form considerable 
angles. 



• Memoirs of the GeoL Surrey, Vol. n, part n, p. 667. 
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TABLE m. 





Approximate values of a. 


East and West Systems. 


The Strike of rocks being 

NiE. NNE. 


i^ ^,, rFinist^re 


580 460 


■"^VN Westmoreland 


40 27 


X, .1 Land's End 


71 60 


^^ pavB-Bas ....:.:::..:::: 


65 54 


^^^^^jMorbihan 


63 74 


™?^x \ Ballons 


85 74 


West L-"""""" 





The Westmoreland system gives a considerable angle, but less 
than 40° ; those of Ballons, Morbihan, and even the Land's End 
cross the strike of the rocks with angles from 60° to 85° ; the 
Finist^re system cuts the strata at an angle approaching 45°- 
The inclination ft) of these latter is often pretty great, but 
always very variable ; one of the general sections of the Geologi- 
cal Survey taken almost at right angles to the strike of the beds, 
shews these variations ; but the N.N.E. lodes cut through the 
undulations and plications obliquely. The more complex frac- 
tures which result from these natural conditions produce irregular 
flutings {cannelures) inclined to the horizon and related to the 
variations rather in direction than in dip. 

m. East and West Lodes of Cornwall, 

a. Formation and opening of the fissure by the descent of the hanging wall. 

The opening of the subteranean channels has been caused by 
the descent of the hanging wall, and the inclined faces of the 
flutings have served as surfaces of motion, and afterwards as 
pillars during the periods of relative stability; the faces most 
nearly vertical have formed the walls of the principal conduits, 
and whatever the physical and chemical modifications of these 
walls may have been subsequently, their separation has always 
had an influence upon the size of the rich parts, often even it has 
been the determining cause. 

When a section of a lode is made by a vertical plane ( ir) per- 
pendicular to its mean direction, the profile of the vein oscillates 
round the straight line which corresponds with the greatest in- 
clination of the mean plane of the lode ; this straight line gives 
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with the horizontal the mean dip (P) (fig. 2, pi. 1) ; some of these 
elements (the components of which are almost rectilinear) are 
steep, others flatter, and they form by their intersections with the 

plane ir two series of flutings. Whenever a has any magni- 
tude the edges of the flutings are oblique to the horizon, they 
are not then perpendicular to the plane ir ; and the elements 
of the sinuous profile do not then agree exactly with the dip of the 
corresponding parts of the lode : thus in the workings, a winze 
or inclined shaft sunk parallel to the trace of the plane w, in 
descending upon the footwall of the lode could only preserve 
its own footwall, or sole normal to the plane tt, by cutting into 
the footwall sometimes a little to the left, sometimes a little to 
the right. However, these angular differences are here prac- 
tically neglected, and the angles Pr and Vm measured upon 
the profile may be employed as values sufficiently approaching 
the dip of the rich parts (Pr) and the poor parts (Pm). 

Considering the diagram fig. 1, pi. IV, as a cross-section of a lode, 
X Y is the horizontal, X A C D the hanging wall, X A B the foot- 
wall ; the part X A is the surface of motion ; A B and D are the 
.good walls of which we are studying the separation BO. I make 
AXY=ZOY'=Pm; DOY'=Pr; BC=€; AB=H. I have 
in the rectangular triangle ABO the acute angle B A 0=(Pr — 
Pw); of which I take to express the opening c of the walls. 

€=H tang (Pr— Pw) ( 1 ) 

Now H is not the greatest vertical elevation from which the 
hanging wall has descended, although the difference is very little. 
I take the horizontal B B' and let fall the perpendicular A B' ; then 
in the rectangular triangle A B'B the angle B A B'=cot Pr ; the 
true height of the fall h is then 

A=H sin Pr 
and the formula becomes 

€^=h tang (Pr — Vm) 



sin Pr (2) 

In consequence of the underlie of the rich parts the formula (2) 
may frequently be simplified. The value of Pr is generally more 
than 70°, so that the sin of Pr becomes very nearly unity. By sup- 
pressing the sin Pr in the denominator the formula (2) would 
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give within two, or three, five-himdredths the yalue of e which 
would follow from substituting h for H in (1). Finally, when 
Pr=90o (fig. 2, pi. IV) we have H=A : (Pr— Pw)=cotaii Tm ; 
of which 

€=h cot Tm (3) 

This latter formula suffices almost always for Alston Moor; 
where well-defined strata allow of accurate measurement of the 
downfall A, and Pw can be determined from the plan of the 
mine it would certainly be interesting for the study of corro- 
sions to compare the calculated opening c with the size observed. 
In Cornwall the indefiniteness of c results from the almost 
impossibility of estimating the value of h; the descent of the 
hanging wall may sometimes be ascertained when the lode cuts 
across the junction of two different kinds of " country," but those 
points where the descent is visible are seldom suitable for meas- 
urement, because such junctions are usually accompanied by 
local disturbance. 

As a compensation, the numerical conditions abound as to 
the underlies Pr and 'Pm ; and again, the size of the normal rich 
parts becomes nearly the value of c, so that in utilizing the relative 
observations of size and dip we shall endeavour to connect them 
by the preceding f ormulee, and to arrive, by an hypothesis, at the 
amount of descent which is most probable. 

h. Size of the Lodes. 

Every lode, says Mr. Henwood,* has in general one character- 
istic size, and Mr. Chas. Thomasf recommended the miners to 
prefer a lode of moderate ('* good," or "fair") size. 

This medium size of a given lode can only be determined by 
practical observation upon itself. From very many observations 
Mr. HenwoodJ states that the average size of lodes containing, — 

Tin and copper is 4 feet 7 inches 

Those of tin alone . . . . 3 „ „ 
Those of copper alone . . . . 2 „ 9 „ 

but he cites some examples which greatly differ from these 
averages. 

» Met. Dep., 1843, p. 241. 

f Bemarks, p. 5, 6. 

t Address, Bep. Miners' Assoc., 1872, p. 5. 
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TABLE IV. 



Name of Mine. 


Name of Lode. 


Size. 




Minimum. 


Maximum. 


Tincroft 

Wheal Crofty... 
Wheal Vor ... 
Polladras Downs 
Polgooth ... ... 

Pembroke 


Highburrow ... 

Engine 

Main Lode 

Bor Lode 

St. Martin's 


3 feet inches 

i » 5 '» 
3 „ „ 

2 » 1 " 
6 » „ 

A simple joint. 

2 feet inches 


48 feet inches 
20 „ „ 
36 „ „ 

4 „ „ 
50 „ „ 

8 „ „ 


Wh. Friendship 




48 „ „ 







But he addS; " these great variations, though sometimes sud- 
den, are usually gradual ; it is rare to find two parts of one lode 
differing greatly in size, which are separated by an interval of 
only a few feet, or even a few yards." 

The great size of a lode results in general from a concord of 
favorable circumstances, for example : — 

TABLE V. 



Name and Sitnation of the 
Mine. 



Devon Great Consols ... 
{Tamstock District) 



Camborne 
and . 
niogom "* 
District. 



WestWhealSeton 
Dolcoath ... . 

East Pool ... . 



Size of the rich 
lode. 



Nature of 
its contents 



I 
{ 



20 

33 feet 

42 



West CJhiverton ) 

(Newlyn District), j 



12 
20 
26 
21 

24 

26 






.Copper 



1 



Tin 



Lead 



Country. 



Ejllas 



Granite 



Eillas 



Date. 



1858^ 

1858 

1858 
1866 

1866 



At Devon Cheat Comohy in the part called Wheal Anna Maria, 
the country was a tolerably hard blue schist, in which the two prin- 
cipal north and south lodes formed a junction. The lode was com- 
posed of rich copper pyrites, with a gangue of quartz and fluor 
spar. Workings 20 feet in width were not rare, but a width of 
33 to 42 feet was exceptional. In spite of the steepness of the 
walls and their comparative firnmess, very strong timber, with 
occasionaUy a complete filling in of the cavity, was necessary. 
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At West Wheal Seton the rich zone of the south lode was at the 
82 fathom level from 6 to 7 feet wide ; at the 90, after a junction 
with a branch coming in on the hanging waU, there was 12 feet 
of very rich copper pyrites, with a gangue of quartz and a little 
carbonate of iron. 

At JDolcoath the principal or *' Main Lode,^^ after its junction 
with Ha/rrietfs Lode afforded some magnificent workings. The 
walls were nearly vertical, composed of firm granite, and the lode 
contained tin in a quartzose gangue. Mr. Charles Thomas, the 
able manager of Dolcoath, who in 1858 kindly conducted me 
himself, took me into one of their great open workings which was 
from 20 to 26 feet wide and 60 feet high, an immense excavation, 
of which the walls sustained themselves without timber. 

At East Pool J when the main lode reached the granite about the 
135 fathom level, they discovered a large new lode, which a little 
deeper was found to contain large leaders of tin in a gangue of 
quartz, with much wolfram and copper pyrites.. The main lode 
also became much larger in the granite. These somewhat abrupt 
enlargements were evidently associated with the change in the 
country. 

At West Chiverton the principal lode ( Williams^ s) bears 40° north 
of east; an important branch known as Valpy^s Lode detaches 
itself from the hanging wall at a depth of 50 fathoms, and rejoins 
the main lode between the 90 and 100 fathom levels. Another 
lode fEli%aheth^sJ parallel to the preceding in direction, but having 
a greater underlie, formed a junction with the principal lode on 
its f ootwall, at about 80 fathoms depth. All these lodes underlie 
southward ; Williams's is the largest, the galena there is dissem- 
inated through the gangue. In Yalpy's lode it is more massive, 
and in Elizabeth's it is more argillaceous, and Contains also more 
silver. 

At the 90 fathom level the workings presented a very fine aspect. 
Stopes of 27 feet wide were being removed, the men standing 
upon the '* deads." The back shewed a series of veins of galena, 
blende and quartz, and nearly every one was in places large 
enough to constitute a rich vein of twelve to sixteen inches in 
width. This great size and richness was evidently the conse- 
quence of the coming together of the three lodes. 
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This coming together of mineral veins to form junctions f total- 
ization) explains how it is that the lodes of tin and copper have 
a mean size of 4 ft. 7 in., which is greater by about two feet than 
that of lodes containing only one of these metals. Without 
approaching here the interesting study of the relations of these 
metals in their deposits fgitesjy we may note the existence of 
numerous cases of juxtaposition.* Very often the tin lode occu- 
pies the foot- wall, while the copper is towards the hanging wall, 
and a band of quartz and clay runs between the two. It is un- 
necessary to add, that whilst one metal forms a ''strong vein" 
on one side, the other occurs also abundantly on the opposite 
side. 

These examples of reopening, characterized by the deposition 
of different minerals, shew that the total size, other things being 
equAl, results, not it is true, from the junctions of lodes of which 
the openings are distinct, but from the superposition in the same 
opening of two series of operations. 

To resume our numerical statement, and taking for example 
one of the finest lodes of Oomwall, the main lode at Dolcoath, 
already mentioned-! 

In January, 1873, they had commenced to drive the 314 fm. 
level, reckoning from the adit, at a total depth from surface of 
342 fathoms ; in length the lode is traced for 550 fathoms. 

Whilst the other lodes in the mine bear 10° to 30° north of 
east (not reckoning the " Gaunter Lode "), the Main Lode bears 
nearly north east and underlies to the south. Let us notice the 
modifications which it presents. 

At the surface there was a very fine gozzan from 3 feet to 6 feet 
wide, which extended downwards to the adit level 28 fms. deep. 

From the 10 fathoms level to the 160 it was very rich in copper 
ore, and had a width of from 8 feet to 16 ft. 

The passage of the lode from the killas to the granite occurred 
between the 80 and 120 fathoms levels. Meanwhile the lode (F<?), 
the slope of which was contrary to that of the country, and was 
to that depth comprised between 70° and 86o became more flat 
and thin. Its dip lessened successively to 68°, 57°, 50o, and its size 

• B. W. Fox, On Mineral Veins, p. 90, 91^^ 

t Henwood. Met. Dep., 1843, Tab. 1. Mr. Josiah Thomas's " Description of 
the operations at Dolcoath Mine, with notes by Mr. Henwood. Bep. Boy^ Insti- 
tution of Comwftll, 1870. 
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was reduced to 24 inches, and finally to 12 inches in the hard 
granite about the 170 fathom level. 

Between the 160 and 190 the copper diminished gradually, and 
tin was mixed intimately with it. 

This poor zone discouraged the adventurers, and led to the 
abandonment of the works in depth. At length, through the 
energy of Capt. Charles Thomas, the sinking of the mine was 
resumed, and that which had been one of the richest copper 
mines became the most productive tin mine in Cornwall.* 

From the 190 to the 220 fathom levels the size had been about 
10 feet; below, as we have seen, it reached in places 20 to 27 ft.; 
the lode formed two large parallel veins, and at the present depth 
of 342 fathoms (1874)t it has a very fine appearance. J 

Let us suppose a model of these workings made to a scale of 
one thousandth the real size. A sheet of lead 3 feet 4 inches 
long, twenty-five inches wide, and in some parts from l-30th to 
1-1 0th of an inch thick, in others no more than 1- 1 00th of an 
inch, but swelling occasionally to 2-lOths or 3-lOths of an 
inch, such will be the figure of one of the richest and largest 
lodes. On the same scale the mean width of the lodes of Corn- 
wall would be represented by thicknesses of l-20th, l-25th, and 
l-30th of an inch. Viewed in this manner, the vast subterranean 
channels richly filled by the metalliferous waters, which under 
the implements of the miner are transformed into caverns of 
imposing extent, only appear as thin veins in the ground. 
Nevertheless it is because these useful receptacles have been 
opened and remained so, that by a concourse of favorable 
circumstances, — quality of the walls, gradual movements, repeti- 
tion of phenomena, and above all, form of the original fissure, 
and especially of the elements of its profile, the fin.al result has 
been produced. 



* This snccess commenced a new era for the great mines of the Camborne, 
niogan, and Eedmth district, and has established for a part of Cornwall the fact 
of a possible occurrence of tin below copper. 

t The mine has now, 1876, an actual depth of 354 fathoms from surface, and 
the lode is still very large and rich. 

X Some figures of Capt. Josiah Thomas give an idea of the richness of Dol- 
coath. The sett is about 560 fathoms long and 140 fathoms wide. In 1870 the 
total production (of tin and copper) had reached the value of 5^ millions sterling, 
or for each yard on the length of the lode nearly JB5,000. 
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c. Dips. p. Pr and Pm of a lode, and of its rich and poor parte ; 

difference (Pr — Pm). 

Mean dip F. Mr. Henwood estimates the mean dip of the 
lodes of Cornwall at 70°, that of the cross-courses at 80°. 

In some parts of East Cornwall the lodes are less vertical, thus 
at Callington P becomes 50° or 60°, and a great many of the 
mines about St. Austell and St. Agnes are opened upon lodes 
whose dip is no more than 60o, and others are still further 
from the vertical. In general P is comprised between 65° and 
75° ; it is rarely less than 45° and rarely amounts to 90°. 

We have said that the lodes F^?, whose dip is opposite to that 
of the country, predominate ; and shewn that the direction and 
angular value of the dip P are a probable consequence of the 
general phenomena of the fracture of the ground. 

The essential character of the rich parts is their relative dip, 
it is expressed by making Pr greater than Pw; the angular 
difference (Pr — Pw) is not less useful to study than the absolute 
ralue of these two terms. 

Difference {Pr — Pm). Every normal rich part is contained be- 
tween two poor parts, which are less vertical, and of which the 
inclinations are sometimes equal, sometimes unequal. These cir- 
cumstances have their influence through the descent of the hang- 
ing wall upon the form of the principal vein and even of its 
branches ; they are probably due to the relative resistances of the 
beds to the rupturing force. 

Strata which offer too great a resistance are in general unfav- 
orable, because in the case of the lodes 'Eo they are broken nearly 
at right angles to the stratiflcation ; it is well to observe how the 
dip (Pw) and the bearing x of this plane varies in connection 
with the inclination (») of the bed and with the angle (a) com- 
prised between the strike of the rock and the direction of the 
system of fracture. 

In Appendix B I treat the question from a geometric point of 
view, introducing in the formulae obtained the numbers indicated 
by observation, and I then discuss the results of calculation. 

Let us consider two adjacent beds ; the lower of medium hard- 
ness, and therefore, by hypothesis, broken vertically, according 
to the direction of the System of Fracture; the upper bed is 
harder and is broken normally, the horizontal of the normal plane 
makes the angle {x) with the strike of the beds, and its line of 
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greatest dip gives the angle (Pm) with the horizon. The two 
faces of the channel are then defined thus. 



Faces. 
Flat part 
Steep part 



Bearing. 



X 
a 



Dip. 
Pr=90o 



The angular diff erences=a? — a and 90"* — Pw 

giving the variations in longitudinal and cross sections. 

The calculation shews that for each value of f'ij the horizontal 
deviation is susceptible of a maximum. The System of Fracture 
corresponding to this maximum makes with the beds the angle 
(a ) given by the formula, tang a :=cos t, and which, in conse- 
quence, has for its superior limit 45°, and decreases slowly as the 
inclination of the beds becomes greater. 

As to Pw, if the System of Fracture is parallel to the beds 
(^=0) the dip of the normal plane is complementary to the inclin- 
ation t of the rocks ; but if the angle a is considerable, Pw in- 
creases at the same time ; so that as a varies from 0° to 90°, P»» 
passes from (90° — i) to 90°. 

In the following table, of which the particulars are taken from 
Tables 1 and 2 in Appendix B, I have brought together the in- 
clinations i from 10° to 40°, the limits of a, comprising the 
group of principal lodes; the values of Pw corresponding to 
these limits o and a, and finally the complements of Vm, 

TABLE VI. 
Calculated yalues of Pm (in the case of a normal plane). 



{ Inclination of the country. 


10*' 


20° 


30° 


40° 


a. Varying from 0® to a' 

Pw Varying from (90° — i) to 


80 —83 
10 — 7 


0°— 43° 
70 —76 
20 —14 


0°— 41° 
60 —69 
30 —21 


0°— 37° 
50—63 


(Pr— Pw), here=(90o— Pm) 


40 —27 







These numbers are only exactly applicable in exceptional cases; 
in many of the lodes Fc, however, the imderlie of the normal rich 
parts approaches the vertical, so that Pr is comprised between 
80° and 90° ; the values of (Pr — Tm) are often but a few degrees 
less than the amounts of the fourth column. Let us suppose 
that the favorable strata maintain in several localities a moderate 
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and almost identical Iiardness, whilst the bad beds are in some 
places very hard, in others, only a little less hard than the good, 
elsewhere agaiu much more tender than these latter. Suppose, 
also, an equality in the thickness of the respective beds, their 
inclination t, the angle a and the mean dip P; the profiles of 
the lodes Fc would then have different sinuosities ; in the first 
case Vm would be almost equal to the values given in Table VI ; 
in the second greater ; that is to say, the irregularities of the 
lodes become less as the difference between the resistance of the 
beds lessens; in the last case on the contrary Vm might be 
smaller, and the profile present inflexions of 30*^ to 40° ; certain 
very **flat" lodes of the St. Agnes district furnish examples of 
this kind. 

Supposing on the contrary all the particulars identical except 
the value of a, the irregularities become less in proportion as the 
flutings become more inclined, i.e, with the increasing values of 
a towards a the lode cutting the strata obliquely, will have, 
with an equal mean slope P, a straighter profile than that of 
a lode which bears more nearly parallel with the strata.* 

In his descriptive tables of the mines of Cornwall Mr. Hen- 
wood gives for each lode and each level the two extreme values 
of dip observed ; so, also, as to the size of the lode, the two ex- 
treme limits ; he then indicates the nature and the composition of 
the lode, and in a fifth column the nature of the encasing rock, 
with the direction and amount of its dip. The attentive study 
of these tables enables one to appreciate the connexion of these 
elements by their variations. 

The lodes Ya exhibit flutings {^canneltires*) almost analagous 
to those of the lodes F<?, but some differences may be observed 
as to the values of Pw. Thus, a hard but fissile schist inclined 
30° would be broken normally under a dip of about 60° or 65° 
for a lode 'Ec, whilst the mean slope Pw of the rough fracture 
(see fig. 8 pi. n) would only be 45° or 50° for the fissure F^. 

To sum up, the cross-sections of the principal lodes of both 
kinds (F(? and F<j) are subject to inflexions which are characterised 
by the following values of (Pr — Pw). 

12°tol8° very frequently observed. 

6° to 12° and 18° to 24° . . less frequent. 



* This appears to be the case in most of the lodes of Cardiganshire. 
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24<> to 30*» still less frequent. 

30** to 40^ somewhat rare. 

More than 40^ exceptional. 

Eecurring to the diagram, fig. 1, pi. TV, and admitting that 
during the descent of the hanging wall the edges of the beds re- 
mained in contact, and that the almost vertical walls of the rich 
channels were not subjected to alteration ; let us consider the for- 
mula (2) 

tang (Pr — Vm) 

c=h — — 

sin Pr 

Neglecting in the denominator the difference between sin Pr and 
unity, and making h:= 1 yard ; the separation of the walls would be 
that of the tangent to the inflexion (Pr — Vm) of the profile. In 
the following table I have inserted the approximate values of €, 
i.e. the tangents of (Pr — Vm) corresponding to the inflexions for 
each 5^ between 10^ and 55^. The third column contains the 
opposites of the preceding numbers — these are the amounts of 
fault necessary to produce a separation of one yard. 



TABLE Vn. 



Inflexions of Cross-section. 

A 


Opening. 
When h=l yd. 


Fall. 


r 

Observations. 


Pr— Pm 


When 6=1 yd. 


Freqnent 


lO*' 

15 

20 

25 

30 

35 

40 

45 

50 

55 


0176 yd. 

0-268 

0-364 

0-466 

0-577 

0-700 

0-839 

1-000 

1-192 

1-428 


5-671 yd. 
3-732 


Very Frequent 


Frequent 


2-747 




2-144 




1-732 


Rare '• 

Exceptional < 


1*428 
1.192 
1-000 
0-839 
0-700 



Calculating the amounts of fall which for inflexions of 15^, 
20^, and even 25^, give values for e analagous to the great open- 
ings mentioned in table Y. we have 
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TABLE Vni. 



Opening of good 


Total Fall. 

A 


walls. 


(Pr-Pm)=15^ 


(Pr— Pm)=20'' 


(Pr-Pm)— 25« 


lyd. 


3 762 ydi. 


2-747 yds. 


2-144 yds. 


3-50 

600 

8-00 

1000 

12 00 


13-06 
22-39 
29-86 
37-73 

44-78 


962 
16-48 
21-98 
27-47 
32 96 


7-61 
12-86 
17-15 
21-44 
25 72 



The great falls measured at Alston Moor upon the good east 
and west lodes, are from 30 ft. to 80 ft. ; hardly differing from 
the figures of this table. 

Similarly, for most of the lodes of Cornwall a fall of 2 J to 3f 
yards would suffice for the separation of the walls of the prin- 
cipal channels to the extent of one yard. 

Upon a model on a scale of joi^, the movement would be from 
iSoths to 100 ths of an inch, and if effected gradually it would be 
scarcely recognisable. 

d. Condition of the walls of both channels and pillars daring the descent of 

the hanging wall. 

However small the amount of descent may be compared with 
the longitudinal extent of the lodes — ^the absolute movement of 
the hanging wall implies an enormous amount of mechanical 
force exerted very unequally upon the sides of the fissure. The 
rubbing of the faces in contact, results in a partial crushing of 
the rocks, i.e, prepares mechanically a fine material, which, 
acted upon by the water, becomes clay. Some lodes have their 
argillaceous selvages {flucans\ which distinctly separate their 
filling from the enclosing rock. '* Whenever the lodes coincide 
in direction with the joints of the rocks they appear to be bounded 
by smooth walls "* otherwise the sides being rough there is a 
gradual passage of lode material into the encasing rocks. 

The sides are sometimes entirely obliterated — ^the walls of 
the cavity and its filling being completely amalgamated. 

In Cornwall the " capels "f are the representatives of those 
siliceous selvages which by the metamorphism of the walls of 
the original fissure have, so to speak, welded the lode and en- 



• Henwood, address p 7 f Ibid. (See also B, W. Fox on Mineral Veins, p. IW. 
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closing rock together. This silicification may either accompany 
the deposition of mineral or precede it, at least, in part ; in 
the latter case it may, sometimes, favorably modify the walls 
by strengthening them. 

As the surfaces of contact during the motion of the 
hanging waU are subject to a grinding force, some fragments 
will be detached from all such parts. The hanging wall — forming 
one side of a fissure out of perpendicular — ^has a constant ten- 
dency to fall by its own weight. At each new movement some 
secondary fissures will be produced, and these again will afford 
debris, which will mostly accumulate at the lower portions of the 
open spaces ; but very often, also, portions will be detached and 
remain enclosed in the lode matter without appreciable fall, so 
producing a brecciated structure,* whilst elsewhere, being acted 
upon by water, these fragments may become globular, forming 
the nuclei of spheroidal concretionary masses. 

This fracturing and alteration of the walls of the original 
fissure produces in many lodes a size very much greater than 
the opening (e) already considered.! 

* Henwood. Address, p. 7. 

t Mr. H. C. Salmon described a remarkable deposit of tin at Pednandrea 
Mine, near Bedmth, in the Mining and Smelting Magazine in 1862, and made 
some interesting suggestions as to the effects produced by largely developed 
metamorphism in some stanniferous lodes. These phenomena are analagous to 
those which have elsewhere produced carbonas. He observes '^ The Engine Lode 
and Martin's Lode both underlie northward; the latter being much * flatter ' 
than the former, forms a junction with it on the foot wall about the 80 fathom 

level." *^ Between the 47 and the 55 the old men found a rich 

piece of ground west of the engine shaft ; but it was below this, between the 
great cros^-course and the vertical face of granite that the gre it deposit of tin 
was met with, extending downwards from a little below the 50 to the point ol 
junction of the Engine and Martin's lode. The deposit made longest, largest 
and richest above the 68, from which level it was principally worked upwards. 

For a length of 25 fathoms at the 68 the tin made in branches in the killas 
" country " by the side of the lode for 11 fathoms wide, the lode itself being onlv 
4 feet wide. The richest part seems to have made about this level, to the south 
of the Engine lode between it and Martin's lode. 

This great deposit which, in the old working was, I believe, named the great 
Carbona, is what the Germans would call a Stockwerk, a kind of formation for 
which it is rather odd we have no special name in our mining language. I con- 
sider this great deposit as eminently characteristic of a class of stanniferous 
formations common euough in Cornwall, but which are usually classed as " lodes." 

I do not mean to say that they are inaproperly so classed, for I should consider 
that any metalliferous channel of ground with a definite direction and dip mip^ht 
properly be called a *' lode," but the word has received a theoretical meaning 
implying, exclusively, a mineral deposit between the walls of an original fissure, 
which many of the richest stanniferous deposits in Cornwall called lodes certainly 
are not. Indeed, much of the misconception which prevails between geologists 
and miners on the phenomena of metall^erons veins is probably due to a misun- 
derstanding as to facts and definitions. A miner speaks of a lode of such and 



> 



68 Observations on the Lodes of Cornwall, 

It is on the f ootwall of the original fissure that, in good strata, 
the modifications due to its reopening are least likely to have 
taken place. Consequently many of the best miners attach much 
importance to the appearance of this wall. They like what they 
caU '* a straight foot waU "or ''a clean wall " as much as a foot- 
wall with good underlie. This is, in fact, the usual indi- 
cation of a good initial fissure, which encourages the miner to 
hope for one large and regular vein, or, should this be wanting, 
for several veins or branches with irregular hanging walls. 

If it is true that the hanging wall has been most generally 
fractured, still the foot wall has not always escaped the effects 
of the movements of the superincumbent masses. 

Some secondary openings will have been produced from the 
first commencement of the descent of the hanging wall as well as 
at all other similar periods during the formation of the deposit ; 
these appendages of the principal lode are the so-called lateral 
branches. 

Of these the feeders* are those which unite with the lode 
as they go deeper — the droppers are those which pass away 
downwards. The joints of the rocks often play the part of 
feeders or droppers. 

The feeders are most favourable when the angles they form 
with the wall of the lode are most acute. Figures 2 to 5 plate Til 

such a width with north and south walls, and the geologists at once declare 
that this whole width must have been originally an open fissure. This, the miner 
refuses to believe, maintaining, rightly enough, that such a fissure could not have 
remained open any considerable length of time. The real fact is, that there was 
a fissure, but often, only ^ very small one — from which a metamorphosing and 
replacing action appears to have emanated, extending to a greater or less distance, 
metamorphosing the neighbouring rock into a "capel," and impregnating it, by 
replacement, with oxide of tin. Where this is confined to a moderate width, and 
where the tin does not extend away in veins at right angles to the lode — the 
miner classes it all as " lode," and properly so ; as to '" walls," which some appear 
to consider the criterion of a true lode, the^ may, in these highly dislocated dis- 
tricts, be frequently met with ad vnfimtwm; and in such deposits as those 
referred to, it is not unusual to find that half-a-dozen " wall " have been adopted 
in succession as the true wall of the lode, and abandoned. Nothing is more 
common than to be told on cutting into what was taken for the wall, " more lode 
was standing ;" and in these classes of deposits the face ultimately adopted as the 
" wall of the lode " is that face beyond which the ground will not pay te be taken 
away. 

I do not, of course, wish to imply by this that there are not many lodes wholly 
confined within the walls of an original fissure — lodes in the popular geological 
sense. I only wish to point out that there are many lodes of a different charadber ; 
and this Fedn-an-drea deposit is characteristic and worthy of study, as forming 
a linlr between lodes of this class and those still more irregular deposits of tin 
ores called Carbonas in the extreme western districts of Cornwall." 

* Henwood. Met. Dep„ 1843, p. 232 and Address p. 4. 
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represent in cross-section a rich part accompanied by secondary 
veins. From a mechanical point of view the total opening e 
which belongs to the principal vein, whilst there are neither 
feeders nor droppers in the zone of the branches, includes 
both those and the lodes. The good influence of the acute- 
ness of the angle of junction in the case of a feeder is explained 
by the diagram fig. 2; the size of the vein=€' but on meeting 
with a feeder whose width is c", the total width after the junction 
is €. The increase (c — c') is so much nearer to ^ the less the branch 
diverges from the lode, i,e. — as the projection of c" upon the 
normal to the walls of the lode approaches nearer to the true size. 

The variations of riches of the principal lode correspond to the 
coming together (*' w«{/?(?«^/o»") or the separation {^'fractionne- 
ment^^) of the disposable opening. It is also evident, that 
if the miner should work the mine overhead the droppers will 
become feeders, in which case the appearance of feeders will 
indicate impoverishment. Figs. 6 and 7, Plate HI. shew an 
important lateral branch, which, instead of dying away in the 
country, reunites with the lode upon all its circumference and has 
thus formed a horse. The lenticular mass thus enclosed in the 
deposit often only appears to have suffered a little displacement, 
such as a slight rotation around its inferior border.* The 
hranchesy which we have defined in the first chapter, are elements 
of riches subordinate to certain profitable zones. Figs. 2 to 5 
illustrate such branches, and not those unproductive ramifica- 
tions to which the lode is subject in a bad kind of country. 

Among the numerous circumstances which have influence upon 
the production of branches I would cite — the kind and relative 
thickness of the strata, their inclination (*), the dip (P) of the 
vein, its relative bearing (a) ; the pre-existing joints, and the 
effects of posterior movements due to the numerous upheavals. 
It would be incorrect to regard the general conditions (allures) 
of these secondary veins as necessary consequences of those of 
the principal opening. Nevertheless, among the determining 
causes it would seem that we should reckon the irregularities which 
the sinuous profile of the vein may present. The inflexions (Pr — 
Pw) are not constant. Let us separate those variations which 

* When a horse occurs at the iunction of two different rocks, the surfaces of 
contact in the part enclosed are exactly opposite to the corresponding parts in the 
walls of the branches. Henwood Address, p. 8. 
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are attributable to a modification in the inclination of the 
strata, and consider three contiguous beds. 

The upper and lower beds are unfavorable, as being too hard, 
but their resistance is unequal ; between them is a bed of good 
moderate hardness. The successive dips of the lode are in 
descending order Pw., Pr., Rw. ; Pr. being the greatest. 

If Pw. is less than P'w. we have (Pr — Pw) greater than 
(Pr — P'w) then by the sliding of the hanging wall, the contact 
will be between the less inclined faces, i.e. those of the dip Pw 
which belongs to the upper bed ; the opening will moreover 
extend itself between the walls of the rich channel, but in the 
inferior bed itself the faces of the fissure inclined under the 
angle P'w may possibly remain separated. Inversely, if "Pm is 
greater than Pt» the inferior pillar will come into action by 
preference, and will maintain a certain opening in the region 
Pw. The preceding indications are in accordance with the facts 
observed, on the one side by general though gradual variations 
of size, on the other by the enriching influence of the relative 
underlies, but they also denote a new source of inequality from 
a new distribution of the weight, and from that a production of 
secondary openings. 

Let us now examine some of the principal circumstances which 
modify, and sometimes even interrupt, the opening of the sub- 
terranean channels. The inevitable variations in the different 
profiles of the fractures oppose themselves through the descent 
of the hanging wall to an absolute regularity for any great 
length. They neither permit a rigorously parallel movement, 
nor an identical movement of different parts of the mass, so that 
at any given time, the region of the hanging wall may be con- 
sidered to experience unequal depression on the run of the lode. 
If there has been an equal amount of fall everywhere it will 
have produced a gradual change of the opening e of the erect 
parts in a longitudinal direction, if on the contrary the descent 
at certain points has been arrested, absolutely or relatively, 
this local interference will also shew itself in the opening of 
the fissure. 

The cross-courses which cut through the country more or less 
normally to the veins facilitate the descent of the hanging wall 
in distinct sections. Without entering here upon the study of 
those phenomena of which the developement finds a place in 
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the examinatioii of the accessory rich parts, we will connect with 
them those " heaves " which a single lode in a single ** country" 
sometimes experiences. We observe, in fact, in many mines 
certain fissures almost normal to the lode, and limited to the space 
betweeu certain levels, neither extending to the surface, con- 
tinuing in depth, nor persisting in length. These are simple 
rupturings of the rooks, or minor cracks contemporary with the 
Systems which they cross in direction. In approaching them 
the fissure may be abruptly interrupted, but veins may exist 
beyond, both right and left. 

Elsewhere, the lode is said to be spUced, it narrows away little 
by little, and by cross-cutting on either side the miner finds it 
again without having traced any communication between the two 
thin ends of the lode. 

We have, already, by implication, admitted here that the 
pillars are only subject to rubbings and some degree of fissuring, 
but, if for want of dimensions in the direction of the profile, or 
from want of resistance in the rock some pillars yield under the 
weight there results a fall, or " downthrow," which, being trans- 
mitted to a certain distance can only be fatal to the existence or 
the ulterior formation of subteranean channels, and by the 
disordering of the fractures obliterate in some degree the region, 
which up to that time seemed destined to be a rich part. 

e. Influence of the relatiye and absolute yalues of the thickness of the 
favorable and unfaTorable strata, and of the amount of fault. 

The dimensions of the projections and channels measured upon 
their profile, i,e, upon the elements of which the underlies are 
Pr. and Fm., and of the amount of fault h (which is almost the 
same as the extent of the sliding H), are three numerical terms 
of which the absolute and relative values have much influence 
upon the existence, maintenance, and proportions of the sub- 
terranean channels. Let us admit that the inflexion (Fr — 'Pm) 
is in each case that which is most proper to favor the opening of 
rich channels, and at the same time to ensure their stability ; we 
will then consider some extreme examples. 

In the case of alternate good and bad beds which are thin, 
a small fault produces channels which are well defined, but 
narrow. In such a ** country" and only considering lodes 
properly so-caUed and not cross-courses, they can only be thin. 
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Ab th.e amount of fault increases so as to be out of proportion 
with the thickness of the beda, there is a more and more complete 
opposition of waUs of different quality, a descent of the projecting 
parts of the hanging wall into the next grooves of the foot 
wall of such a character that the channels become obliterated. 
Finally there is a destruction and crushing of the slightly 
projecting portions, resulting in the destruction of the elements 
wHoh are most indispensable to the production of a cavity.* 

The thin beds of the carboniferous formation clearly exemplify 
this order of facts, for the faults — already great — necessary to 
prepare la^re channels in the thick bed of great limestone, are 
only e£B.caceouB in this bed, and we have seen that the still greater 
faults which have been observed in some of the north and south 
cross-courses, excoed the advantageous proportions. 

Thick and solidf beds capable of lending themselves to 
motions which result in a tolerably large total opening e, between 
good walls J such is the character of the rocks in connexion with 
normal rich parts of great extent. If the nature and formation of 
the rocks is exceptionally favorable to the resistance of the walls 
of the channels and the faces of the pillars— they must take the 
form of great courset of ore or large e^ole — vast metalliferous 
deposits almost continuous in their size and riches ; but should 
truksverse interruptions have affected the descent of the hanging 
walls, the different portions of such zones will at least give a 
linear series of fine bunches in the plane of the lode. 

* Fig. 1 shews the effect of fsolte of different degrees npoD the some fiunre 
in the «iune " conntr?," oensiMing of htxd beds 1, 2, 3, and beds of medium 
hardness, s, Vi ■. In a the fanlt is just enough la 
is BO great that thej are obliteiated. 




e already cited the remarks made by Mr Smyth npon the lodei of the 
[mp9 of Cardigfrnehire. He aaya referring to the aecond (p. 657), 

■ rocks exhibit on the whole a more maeaiye beddjnff, in oon- 

vhioh it would appear that the mineral Toma increase in width, 
iu some cues to apwardi of 20 feet 



Maximum of devMian. 
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IV. Condttums of ike lodes Fc trnd Fa — in plan, vertical 

projection, and profile. 

In notes B and C I have given, with some detail, the cal- 
culations and geometric conditions which serve to determine the 
influence of the angular values a and i upon the relief and 
inclination of the groovings of the initial fracture. I will remark 
here, that in the first of these notes, I have taken by way of 
example a cannelure of which the faces are, one vertical and of 
good bearing, the other normal to the plane of the strata, i,e, a 
case almost exactly realized in some veins Yc. I will not return 
to the values of Pm, but I will summarise here the formulae 
relating to the horizontal deviation. 

A level opened in the normal plane makes with the direction 
of the beds an angle x, which is given in terms of i and of a by 

(1) tang ^=tan a 



cos* * 



The deviation {x — a) is thus expressed 

(4) (^-a)=.aT0tan( ^-^^,; ) 

For a given inclination * of the beds, the deviation reaches its 
maximum when the orientation of the system of fracture makes 
with the strike of the rocks an angle 04 corresponding to 

tan 04=cos ». 
We have then the maximum . , . 

(5) (*.-«.)=aro tjm (2 ^) 

In Table IX, I give within about one minute of angle the values 

of oi and of {x^ — 04) calculated for inclinations (*) from 10® to 50®. 

The fourth column shews how rapidly the deviation increases 

with the inclination. 

TABLE IX. 

Nonnal plane corresponding to the maximmn of deviation ; 
bearing a\ ; deyiation {xi — ai). 



10® 
20 

30 
40 
45 
50 



a. 



440 34' 
43 13 

40 54 

87 27 

35 16 

82 44 



(a^i — ttj) Increase. 



0® 53' > 2^ 41' 

3 34 J 

8 13 

15 6 -^ ") 
19 28 V...9 26 



|...4 39 
I 6 43 



24 82 
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Let us take ihe numbers of the third column as simple 
indications, such as we have made for the figures of Table Vii 
relating to inflexions ( Pr — 'Pm ) ; and — ^without entering anew 
upon a discussion of ttie variations which the projections of the 
cannelures owe to the differences in quality of ^the strata, we may 
remark that the maximum of (a?i — aj only relates to the normal 
plane, and that it may be exceeded in many cases among lodes 
Fa and sometimes even among lodes "Fo. 

Inclinations of from 20^ to 30® are frequent in Cornwall, so 
also are the deviations or turns of 5** to 7° mentioned by Mr. 
Ohas. Thomas, which suflB.ce to convwt a rich lode into a poor 
one. Whenever i varies between 30° and 45^, the deviations 
may amount to from 8® to 20", whilst ai is reduced from 41® to 
35". If the strata consist of alternate beds offering unequal 
resistance to rupture — some being very hard, and if i and a 
happen to differ but little from the values already specified, it is 
probable that great angular deviations will have taken place, so 
that the lodes will present some rather abrupt bends. 

The western border of the granite mass of St. Just is separated 
from the ocean between Perth Just and Pendeen Oove by a 
narrow band of felspathic schist alternating with beds of 
greenstone. Oape Cornwall is composed of these rocks as well 
as the cliffs of Boswedden, BotaUack, and Levant.* The marked 
zigzags which characterise many of the lodes of this district are 
not the least interesting of anomalies, and they appear to be 
connected with the mutual occurrence of the natural conditions 
which we have just enumerated. 

Note C is an explanation of the diagrams on plate V, where 
a lode Ye and another Fa are placed side by side — ^botb 
having been produced in the same rocks under the influence of 
the same system of fracture. 

In these illustrations I have chosen tolerably large values, so as 
to shew better the inflexions and deviations, and to bring out the 
contrasts between Yo and Fa. If we were to give smaller values 
to a and », we should see the favorable zones lying almost 

* *' Eight beds of slaty felspar rock and a like number of the hornblende or 
ffreenstone rock. The dip of all these beds is north, with an inclination yarying 

from 20^ to 40^ great uniformii^ of dip and direction.'' — J. Forbes on the 

Geolo^ of Land's End District. Trans. ±U>y. G^l. Soo. Com., toI. 2, 1822, 
pp. 2^6. 
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korizontally and their deviations lessened ; in this way we should 
approach the cases most frequently observed in the E.N.E. lodes 
of the principal districts of Cornwall. 

I have limited myself further to the discussion of some essential 
points of the preparatory traces — fig. 3 and 7, pi. IV, and of the 
diagrams properly so-caUed in pi. V. 

The beds, alternately good and bad — are supposed to be of 
equal thickness ; their inclination «=40®. 

The System of fracture makes an angle a=32** with the 
direction of the beds. The difference (Pr — P»*) of the under- 
lies is supposed to be equal in the two lodes F^; and "Fa, The 
eannehtrea of "Fc are defined by taking for the steepest face 
Pr=82^, and — ^for the less steep face a plane normal to the 
strata; we find that its dip is P«»=58°, consequently we liave 
(Pr— Pm)=24°. As to the lode Fa, the dips are also Pr=82° 
and Pw=68^, but they have a contrary direction. 

The horizontal deviations are about 10*^ 30' (Fc) and 13° (Fa) 
and the mean directions 5^ for Fe and 8° for Fa on one side or 
the other of the orientation of the System of Fracture ; their 
bissectrice making with the system an angle of only 1° 30^ 
The mean dips are about 71^ (Fe), and 66® 30' (Fa,) 
We remark that the intersection or the junction of the two 
lodes dips in the same direction as the beds, and note in passing, 
without touching upon the study of the accessory riches due to 
the coming together of two lodes, that it is easy in the case of 
lodes Fe and Fa of the same system to understand the character 
announced by Mr. Henwood.* ''Lodes are often rich at their 
junctions, especially if they come together either horizontally or 
vertically at an acute angle." According to our diagrams — the 
two lodes would come together in a good bed under a very acute 
angle ; horizontally the angle would be theoretically nothing — 
and vertically it would be 16°. In a bad bed, on the contrary, they 
become respectively — in the levels, 23® 30', and in the winzes 
about 60**. We may add that if the junction is rich the dip of 
this rich zone will be in the same direction as that of the rocks, 
and this fact contributes to the generality of the third 
character (Ist Chapter). 

* Address, p. 11. 
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The plans fig. 1 and 5, Plate V, are based upon a know- 
ledge of the mean plane of the lode. The line XY is taken 
parallel to the mean direction, an auxiliary plane perpendicular 
to XY gives the profile of the lode. The projections correspond 
to what would be the plan and the longitudinal section of 
the mine. 

The shading distinguishes the steep from the flat faces of the 
fracture, and shews what would be the configuration of the rich 
parts, apart from their width supposing the perfect regu- 
larity of the phenomena. 

The equidistant horizontal tracts nimibered from 0** to 70** 
represent levels upon figures 3 and 7 ; their separation is made 
to correspond with the plans, figs. 4 and 8, and should not be 
regarded as a scale of the thickness of the beds. 

We also observe upon the plans, figs 4 and 8, the character already 
referred to of the levels coming together in a rich zone — and 
separating when they pass into a sterile region. The zones or 
colimms A, B, 0, D, are parallel to the edges of the cannelures. 
In plan they make (F^) angles of 8° 30', (Fa) angles of 11° 30' 
respectively, with the mean directions. In vertical projection 
they are inclined somewhat differently to the horizon (23** for 
'Eoy and 26° 30' for Fa), besides, they are much nearer together 
in the lode Fe?. For an equal development of the workings in 
length and depth, the surface of the rich bands of the lodes 'Eo 
is more than double the corresponding surface in Fa. 

We have already seen that the lodes Fe? (dipping towards the 
granite) are more frequent than the others ; if Uiey had been 
also always richer, they would have been worked in preference 
to the lodes Fa. This is not so, although, as compared with 
good lodes Fe?, of which the enumeration would be very long, we 
may count a considerable number of lodes of the other group. 
In each locality, the thickness and relative resistance of the 
beds which we consider as destined to form the walls of channels 
and the faces of the pillars, are the elements which favor one 
or other of the groups Fe? and Fa ; it is the same with the 
slippings in each direction, and particularly the movements of 
the rocks due to the different systems which have contributed to 
the re-openings and the metalliferous fillings. 
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In the best districts in Cornwall the inclination i is moderate— » 
the angle a is small; the normal rich parts may lead to fine 
courses of ore, the axes of which are but little inclined as viewed 
in the plane of the lode. 

After a period of great prosperity mines opened upon such 
deposits (gites) are exposed to poverty, even to sterility if 
sinking has been discontinued, exploration of the lateral lodes 
neglected, or unfruitful, and if the accessory riches are in- 
sufficient to sustain the production, until the lode has again 
penetrated in depth into suitable strata.* 

The lodes Fa present in this connection a marked disadvantage, 
since they traverse at a small inclination, thick beds of bad 
nature ; the unproductive zones consequently assimie disastrous 
proportions. 

The perseverance of the exploitant is put to a very severe test, for 
not only are the levels long in the poor zones, but what is worse 
the inclined shafts or winzes areso flat that the sinking and 
are expensive in men and material. 

It would be easy in Cornwall to cite mines of which the 
temporary abandonment has been due to no other cauj9e than 
this. 

a. Changes in the Underlie of Lodes. 

Some few examples are known of lodes changing their imderlie 
in different parts of their course.f It will be interesting to seek in 
each case the probable origin and effects of this kind of anomaly. 
One is led to distinguish between the inversion due to a junction 
of lodes, or that due to a change of rock, from that which is 
produced when the lode continues in the same " country." The 
examples of the first group will be more properly studied as 
accessory riches. I will here consider only an isolated lode in a 
single containing rock. 



* Mr. Henwood remarking upon the yariations in the size of lodes in depth, 
sa^ (Met. Dep. 1843, p. 244) that when he risited Dolcoath, the Consolidated 
Mines and many others, the deep levels were all poor, the lodes in general 
becominp^ thinner and flatter. He cites on this subject a remark of M. Burr in 
the Mining Review for 1836." Many mines have been alternately worked and 
abandoned, the abandonment resulting from coming upon unproductive masses of 
the vein which were regarded as the definite limits of the metalliferous region. 
To this sterility, which has been supposed without remedy, has often succeeded 
new riches. 

t Address, p. 6. 
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The principal lode {Stanchrd lode) at St. Ives Consols]: bears 
E. 25° N., the mean dip P. is almost exactly 90°, i.e. it is almost 
vertical ; the " country " is granite, generally coarse and porphy- 
ritic. The cross section passing through the engine shaft shews 
the principal inversions. From the surface to the 47-fathom 
level below adit (which is 20 fathoms from grass) the lode dips 
north; from the 47 to the 107 it dips to the south, from 117 to 
167 it again underlies north, and finally the southward underlie 
is resimied from the 167 to the bottom (177). The mean angular 
variation from the vertical on either side is about 8°, while the 
actual variations are generally between 4** and 12'',but occasionally 
18°, or even 28°. Their differences seldom exceed 24°, and are 
often from 14° to 16°. Without insisting upon this example, I 
would here remark that bearing in mind the verticality of the 
mean plane, the form of this opening has nothing abnormal. 
The lode has been productive for a great length, and especially 
in the portions contained between two cross-courses ; the mean 
thickness is about 2' 6", but increased in places to 4' 0^, 6' 0*, or 8 
feet; the thinnest parts appear to have a northward dip and 
viee versa. 

The Wheal Gwens lode at Wheal Union, in the same district, 

shews the influence of the encasing rock still better. I extract 

the following particulars from Table XV of Kenwood's Metal- 

liferom Deposits, 1843. The mean direction of the lode is E. 

15^ N. 

TABLE X. 



•ss 


Undeblik. 


Size in 
inches. 


Nature of 
Granite Country. 


Deptl 
fatnoi 


Direction. 


Amount. 


£2 


S. 

^ N. 
S. 

|S. to N. 

N. 
N. 


86°to90® 


10" 

4 

6 

10 

6 to 12 

7 

1 


Very laxae grained. 


30 
48 


82 to 84 hanging wall~] of the 

^crosa- 

82 to 86 foot wall J course 

84 to 86 


Fine grained. 
Medium. 


53 


80 




83 




63 


84 to 90 


Coarse grained. 




48 to 60 


Fine grained. 










t Met. Dep. 1843, Table XYI . The Standard lode is there described to a 
depth of 135 fathoms. In the Mining and Smelting Magazine 1863, vol. iii, 
p. 140, there is a description and figures of the works which at that time hi^ 
reached a depth of 200 fathoms from surface. 
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The thiokness of about 10^ which is fayorable to riches is met 
with in the parts inclined southward, and contained in larg^ or 
medium grained granite. The fine-grained granite which occurs at 
the first inversion of underlie at a depth of 30 fathoms, and also at 
the 63-fathom level, occurs with a thin and poor lode dipping 
northward. 

Let us compare with these tin lodes in granite a copper 
lode in greenstone. 

The principal or Main Lode at North Eoskear, near Camborne, 
of which the direction is nearly E. 40® N., traversed from the adit 
level (30 fathoms from surface) downwards a mass of greenstone 
for about 100 fathoms in depth. The workings were in 1858 
carried to a depth of 267 fathoms from surface. Below the 
greenstone the country was killas, cut through by two elvans. 
The lode underlies distinctly to the south east. Mr. Henwood* 
describes a zone of lode in the midst of the greenstone between 
the depths of 57 and 137-fathoms levels. From the 57 to the 97, 
the lode dips sometimes northward, sometimes southward, while 
it is in some places vertical. Below the 117, the dip is distinctly 

south and varies from 60** to 65^ 80*> 

84®. The rock is everywhere hard, but at certain levels 
it is intensely hard ; one part of the northward dip occurs in this 
very hard rock. Variations in size are frequent, the widths of 
4 ft., 5 ft., 6 ft., and 7 ft. are met with in parts where the 
southerly dip is between 80^ and 90^, whilst the inclinations of 
CO** to 64® in the same direction give a lode reduced to 6'', 4'', or 1". 
With the northerly dips of 68^, 77®, 82*>, and 86^, the lode is 
from 12^^ to 24^' wide, but quartz and the silicified debris of the 
'' country " abound there more than copper pyrites. 

The expressions Pr, Pm, and the angular difference (Pr — 'Pm) 
cannot be properly employed for the study of the profiles of 
such lodes; however, in every case, the cannelures appear to 
result from the unequal resistance which the beds of rock have 
opposed to rupture ; an opening of the channels is also produced 
by the descent of the hanging wall, but the effects of this move- 
ment are more complex, because in the zones where the slope is 
in an opposite direction to the mean underlie, the hanging and 

• Met Dep. Tab. LY. 
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foot walls of the lode may be regarded as occupying inverse 

positions. Thus, in the lode of North Eoskear, the south 

side of the lode constitutes the hanging wall, even where the 

lode dips occasionally to the north. An attentive examination of 

those parts which have served as pillars of sliding, enables us 

however, as in ordinary cases, to determine the probable amount 

of opening which will occur in the most favorable zones of the 

fracture. 

h. Change of the direction of the dip i of the rocks. 

In grouping the lodes under the designations "Fc and Ya, 
we have remarked that the beds of schist and of greuiite, in spite of 
certain disturbances and undulations, are on the whole tolerably 
regular, so that in genered, upon the course of the lode, the dip 
of the encasing rock is not subject to any change of direction. 

In some exceptional cases, however, the same lodes, in conse- 
quence of plications of the strata previous to the fracture, might 
belong at different points, to each of the groups F^ and "Fa; contrary 
to the examples already mentioned it is no longer P, but rather »*, 
which has been reversed. The killas rests almost everywhere 
upon the granite, consequently the lode F^, whose dip is opposite 
to that of the rocks, dips towards the granite ; some reservations 
must however here be made. 

Upon the northern slope of the gretnite outlier of Cam Brea, 
the workings of many mines situated between Camborne and 
Eedruth have shewn the existence of subterranean ranges of 
granite hiUs, whose bearing is E.N.E. like the mass itself. Two 
ridges are at present known ; the first has been observed to the 
eastward in Dolcoath Mine,* and westward between Cam Brea 
and East Pool ; a second ridge has been observed north of the 
first in the vertical shaft of East Pool, at a depth of 135 fathoms 
below the adit. The cross-sections PI. VI, shew the position 
and relative importance of these ridges.f 

* See the transverse section of Dolcoath in the *' Remarks** of Capt. Chas. 
Thomas ; also the sections by Capt. Maynard in the Beports of the Miners' Assoc, 
for 1873 and 1875. 

f Mr. H. C. Salmon gave in the Mining and Smelting Magazine, yol. I, 
1862, plate Y, a section of these underground ranges of granite. In 1866, Mr. 
W. S. Garby, the able Manager of East Pool, was kind enough to allow me to 
examine plans and cross-sections of the mine on a scale of I" to 8 fathoms, which 
had been most carefully prepared by Capt. Maynard. M. Lodin, student engineer 
of mines, who visited East Pool in 1873, brought me an addition to the sketch, 
which I have figured. The supposed surface of the granite is still <^wn in 
rounded ridges, but the projection proves to be less considerable than was suppofled 
ftt first. 
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It was upon reaching the granite, that at East Pool, a large 
lode of copper pyrites, oxide of tin, wolfram, and iron pyrites 
was met with, which formed a junction with the principal lode 
{main or engine lode) by a simple dropper from the foot-wall. 
The main lode dips to the south, i.e, towards the mass of Gam 
Brea, but when in depth it comes in proximity to the south flank 
of the second ridge, it may be regarded upon a certain zone as 
receding from the second ridge, whilst the new or great lode dips 
north, or towards the centre of the new ridge. In 1866, they 
had reached a depth of 170 fathoms, and shafts were sunk 
vertically between the two lodes, both of which were large and 
rich in the granite. 

As to the killas, it would be interesting to know to what extent 
its beds bend over these bosses of granite. The workings of the 
mines in this district answer without doubt the principal questions 
relating to the subterranean surface of the granite in Cornwall, 
and this solution in the Camborne Mines must one day have an 
influence over the future of other districts. 

c. Bad influence of contortions of strata. 

If the regularity of the normal rich parts depends upon that 
of the country, it would seem natural to reckon but little upon 
the metalliferous lodes of a district where the strata are greatly 
curved and contorted. But if, in addition, we have the presence, 
at certain points, of thin beds which are alternately too hard and 
too soft, we may be almost certain that in these regions only 
very thin lodes will exist, whilst the normal rich parts throughout 
the whole district will exhibit a want of continuity ; consequently 
there will be neither great cowrses of ore, nor long uninterrupted 
shoots, nor a linear series of flne hunches. The continual variations 
of a and i are opposed to the production of continuous cannelures, 
and when the descent of the hanging wall took place the irregu- 
larity of the successive profiles of the fracture corresponded to no 
less irregular movements of the rocks ; the normal riches will 
therefore consist of a series of small lenticular masses, more or 
less elongated, some of which may possibly be grouped along 
certain axes in the plane of the lode. 

In such mines there would be a certainty of unpromising 
works, subject to frequent abandonments ; for the accessory riches 
might stimulate research, but would not make up for the little 
value of the normal riches. 
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The mines in the neighbourhood of Ghrinear may serve for 
examples. The district of Q-winear and Crowan consists of schistose 
strata, which in the east rest upon the western flanks of the 
great granite mass of Gam Menelez ; to the south on the granite 
of Gbdolphin Hill ; while towards the west, in the direction of 
Phillack, the mass of St. lyes forms, if not the limit, at anyrate 
the horizon. The schists are traversed by numerous elvan 
dykes, by many lodes properly so-called, bearing nearly E.N.E., 
by still more numerous ea/unter lodes running to the N. of W. 
and making angles of about 45^ with the preceding, and by 
certain cross-courses. Wherever they have been explored so far, 
and especietlly in places remote from the granite, the strata have 
proved imf avorable both for copper and tin. This is the judgment 
of Capt. Chas. Thomas."*^ Mr. Kenwood has devoted to this district 
one chapter of his Metalliferous Deposits, and ten tables des- 
criptive of as many mines.f I would refer the reader to this 
description, noting especially what is said of Herland. 

The kiUas is schistose, containing numerous globular 
concretions, and at Herland nodidar masses of granite. The 
inclination of the strata is in general to the north or north 
east, but they are frequently curved and contorted. The elvans 
bearing almost north east vary very greatly in size and dip ; 
some contain, in a flnely disseminated state, enough of metallic 
mineral to pay for extraction; such as the stanniferous elvan at 
Parbola, and the elvan forming the south lode at Belistian, which 
contains oxide of tin, copper pyrites, and iron pyrites. 

According to Mr. W. Phillips, "most of the east and west, or 
metalliferous veins of Herland and Drannack Mines, varied from 
2 to 6 inches in width, and, whenever found to exceed the latter 
size, it proved an indication that they were about to diminish, 
and in the language of the miner, to pass away in the run of 
some fathoms in mere strings.^ 

'*The copper lodes of this district," said the Eev. Malachy 
Hitchins " are remarkable for the shortness of their continuity; 
for, whereas other lodes may be traced to an indefinite extent in 
the same line of direction, these, on the contrary, are observed 



* Capt. Chas. Thomas Bemarks, p. 19. 

t Met. Dep. 1483, pp. 85 to 42, and Tables 33 to 42. 

X Geol. Trans. 11, O.S. p. 147. 
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to taper away gradually, and terminate to all appearance at a 
short distance, completely and irrecoverably."* 

Mr. H. C Salmon says of the same district.f ** It is essentially 
a copper district, that metal "making" in connection with elvans, 
and although it has been fairly productive, yet on the whole it 
has been economically the worst district in West Cornwall, from 
the extremely buncliy and uncertain nature of its metallic 
deposits." 
V. — The Sterile and Metalliferous North and South Cross-courses, 

The principal cross-courses in Cornwall make with the east and 
west lodes an angle near to 90**, and nearly always more than 
60®. The name cross-vein includes lodes of argentiferous galena, 
of oxide of iron, of quartz containing little or no metallic 
substance, and of clay (flucans). Other interruptions called slides 
are faults whose bearing is nearly that of the east and west 
lodes, they cut through the schists of certain districts ; in general 
their dip is less than 60°. As they have been only observed 
in a few places, they need not be further referred to here. 

We may consider the north and south cross-courses as forming 
an important group of veins, of which the conditions vary much 
from those of the east and west lodes. The study of their inter- 
sections and the influence which many cross-courses exert upon 
the riches of the lodes intersected, must be reserved for another 
work ; we will examine here Hie characters of the single vein in 
a single containing rock. 

The cross-Courses have inflexions and variations like the lodes, :( 
but in a less degree. In some cases, however, the same cross- 
course has in different parts of its coxirse very different bearings. 
Whilst a change in the size and underlie of a lode is usually 
accompanied by a change in its composition, no such modifications 
are observed in similar cases with regard to the cross-courses. Though 
still irregular, the underlie of the cross-courses is in general 
about 80**, being much greater as well as less variable than that 
of the lodes. Briefly, the cross-courses depart less than the lodes 
from their mean planes, and these latter are more nearly vertical. 

» Phil. Trans. 1801, p. 159. 

t Mining and Smelting Magazine, 1864, vol. Y, p. 329. 
X This desoription of the characters of cross-courses is in some degree a 
r^snm^ of Mr. Henwood's Obserrations. Met, Dep. p. 254-281, and Address, p. 13. 
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Each cross-course has a characteristic size, of which the 
variations are gradual and limited ; the size in general is much 
more constant than in lodes. The mean width of the cross- 
courses in Cornwall is about 4 feet, which is greater than that of 
the lodes. The mean underlie is usually maintained, although 
the cross-course may pass into a country of a different nature — 
its direction also remains the same ; still each district furnishes 
some exceptions to this rule. 

Leaving for a time the consideration of metalliferous cross- 
courses, we find that the cross- veins pajrticipate in the nature of 
each rock traversed,* being called cross-courses where qyfirtz 
predominates, and flucans where composed of clay. The same 
cross-course may receive successively each of these names in 
different pajrts of its course, or it may at the same point be com- 
posed partly of quartz, partly of clay, either mixed or in distinct 
veins ; which however, seldom retain their respective situations 
for any great extent. 

Fragments of the enclosing rocks fractured in different degrees 
by mechanicial forces are met with in the sterile cross-courses, 
where the chemical effects due to the circulation of water are 
naturally less developed than in the metalliferous veins, and 
more often subordinate to a partial alteration of the rock or to a 
quartzose deposit. The contrasts observable between the two 
types of cross-veins are most observable in the schists. In a 
homoffeneom killas, the cross- veins are generally composed of 
argillaceous substances, these are the fltteans. But in killas 
abounding with quartz veins {country branches) they are more 
quartzose than elsewhere ; these are the cross-courses properly so- 
called. In their neighbourhood the rock is often traversed in 
all directions by little veins of quajrtz. Some portions of the 
"country" are frequently surrounded by the quartz, which has 
impregnated and penetrated the walls, exactly as in some metal- 
liferous veins ; in such cases the quartz of the cross-courses is 
compact. But often on the contrary the quartz is crystallized 
in irregular prisms, disposed horizontally, and normally to the 
walls and the joints. Such crystals ("cross-course spar") are 
recognized in all countries as an indication of sterility. 



o 



* Where a cross-course trayerses china clay, (decomposed granite) however, 
it is nearly always rooky, quartzose, or schorlaceoas. 
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On this subject, Mr. Kenwood remarks that the parts of the 
lodes yielding most crystals are in general of homogeneous 
composition, and rarely contain an abundance of foreign sub- 
stance, and that the existence of these crystals seems to exclude 
the possibility of a mixture with the materials of the " country," 
so that the prisms of quartz are scarcely attached to the 
walls. I believe that this crystallization is an indication of 
the purity (i.e. the sterility) of the siliceous waters,* and of the 
tranquillity of the period of its deposition. Comparing the 
bearing of the cross-courses with that of a group of important 
joints in the surrounding rocks, Mr. Kenwood shews that there 
is a remarkable coincidence, from which it results that the 
structure of the cross-courses is particularly characterized by 
an abundance of joints. 

These joints vary a little in direction and in dip — ^they divide 
the cross-courses into subordinate veins of variable width, they 
also form distinct selvages on the hanging and foot walls. 
Sometimes this veined structure so greatly predominates in the 
neighbourhood of cross-courses, that the rock presents, laterally, 
for many fathoms an alternation of veins of quartz, and veins 
of rock,f which intersect each other mutually, both in length 
and depth. In this region the rock is usually much decomposed 
and softened by the action of the water which circulates in the 
cross-course ; sometimes, however, if the rock is killas, it retains 
its structure. 

This band in the neighbourhood of the cross-course, often 
many fathoms in width, is what is caUed by the miners *' dis- 
ordered ground." 

The heave of lodes by cross-courses is not always a mere 
displacement of the extremities of the lode, on the contrary, a 
very interesting complexity is often observable, as well as the 
production of new branches which are often important; again, we 

* Mr. R. W. Fox (On Mineral Veins), p. 120-121), supposes that this 
crystallization indicates an electrical action between the two walls of the fissure. 

t This banded structure in a metalliferous cross-course is especially well 
seen at Bestormel Iron Mine. Here the cross-course (lode) bears nearly magnetic 
north, and underlies about 1^ feet in a fathom, eastward. In July, 1876, I 
counted at Restormel Min^, no less than 36 distinct bands or veins of quartz, 
varying from l-16th of an inch to 12 inches, alternating with bands of oxide of 
iron from V to 6 feet wide ; many of these quartz veins were continuous for 20 
or more fathoms in lensrth. This was at a d^pth of 12 fathoms below adit. — J. H. 0. 
—See also note on page 88 with reference to this cross-course. 
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may note here that the mean extent of the heave of lodes by 
cross-courses, properly so-called, is only one half of that effected 
by flucans. We may mention finally that cross-veins appear to 
be more rare in the granite than in the schist, and, like the lodes, 
the majority dip towards the granite. 

a. Circumstances under which the north and south cross-veins appear 

to have been formed. 

Among the eleven ancient systems, five belong to a north 
and south group ; these are la Vendee, Longmynd, Forez, and, 
at a considerable interval, North of England, and Ehine. 
In the following table, I have associated these systems in two 
groups, together with the perpendiculars of the six east and 
west systems. 

TABLE XI. 



NORTH AND SOUTH QBOUPS. 



West of North. 



-*... 



East of North. 



-A^ 



( > 

Longmynd 20^ 

Bhine 10 

Perpendiculars '^ Morbihan 36 

of the east & west > 

Systems, are J Ballons 5 



Vend^ 269 

Forez 23 

North of England 8 

west Systems, „e (i?-3^C:».::: jf 

The very ancient system of Vendee and the Forez system make 
a very small angle with each other, and are very nearly per- 
pendicular to the system of Finist^re, whilst that of the North 
of England is almost exactly perpendicular to the Land's End 
system. Without carrying this comparison further, it is evident 
that the systems of cross- veins posterior to the Devonian formation, 
have found the rocks well prepared, and have often followed the 
lines of least resistance already weakened by the normal joints. 

Most of the cross-veins of Cornwall may then be regarded as 
cutting, not only the lodes, but also the strike of the rocks nearly 
at an angle of 90**, and from this fact, that they cross the 
*^ country," results the properties already described. 

Theoretically, supposing a tendency for a mass of strata to be 
broken in a direction exactly perpendicular (a=90®) to its strike, 
the fracture would be a vertical plane. In fact, in Cornwall 
the mean dip being near 80^, the fracture is rough, but the 
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flutings produced have little depth, because the inclination i of 
the rocks is but moderate.* 

The angular differences of the successive dips often fall to 
6^ or 10°, and inversions of underlie are less rare than in the 
lodes. But the greatest obstacle to the formation of regular 
channels proceeds from the want of stability of the pillars, 
which being already fissured by parallel joints, offer no resistance, 
and are therefore liable to be carried down by the descent of the 
hanging wall. 

When the rocks are homogeneous, flucan will naturally be 
formed, for other things being equal, the more complete this 
homogeneity the less likely is the fracture to be rough, and the 
less opposed to a motion of the masses ; and it is this motion 
which, if suflB-ciently prolonged, produces the fiucan by grinding 
up fragments of the country. 

In the less homogeneous quartzose schists, the surface of 
rupture is more unequal, and if there was not a too violent 
motion at or near the period of fracture, the circulating waters 
would be able to cover the walls with a siliceous coating, so pre- 
venting the production of plastic material and the obstruction of 
the narrow subterranean conduits ; and commencing the formation 
of the quartzose cross-course. As to the increase of the veins of 
each type, we observe that in argillaceous cross-veins or 
flucans, the initial descent having almost completely obliterated 
the fissures, the action of the waters is in some sort confined to 
the transport of very fine particles, which tend to stop any further 
access of mineral matter. If the movement of descent should be 
renewed, whether slowly or rapidly, it would only reproduce 
these phenomena — augmenting laterally the mass of the flucan 
without changing its character. For the quartzose cross-course 
on the contrary, the movements must have been always slow, 
and in cases of repetition they must have been separated by 
intervals of rest which have favored the crystallization of the 
quartz ; similar operations have taken place in a great number 
of secondary veins as exhibited in lateral zones. 

If a somewhat abrupt sliding motion should be produced, a 
vein of flucan might be formed partly between and partly 

* If the inclination of the strata exceeds 50^, and the angle a falls to 70^ or 
60^, the fracture ma^ depart considerably from its mean plane. The Snailbeach 
lode, fig. 4, plate I, is a case in point. See also on this subject, Note B. 
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through the layers of quartz already deposited. It is a well- 
known fact* that the veins, whether lodes or cross-courses 
containing clay, (*'flucany'*)<JM^ through those which are destitute 
of such matters, the flucan being the result of motion, and often 
facilitating future motions. 

d. Examples of Metalliferoas Cross-yeins. 

Lodes which bear nearly north and south, and contain either 
argentiferous galena or oxide of iron, are met with from time to 
time between the neighbourhood of Exeter and the extreme west 
of Cornwall, but they do not all in the same degree deserve the 
name of metalliferous cross-veins. We will choose as examples 
the lead lodesf which occur in the Devonian schists to the south 
of Liskeard, especially considering the principal characters which 
illustrate the essential differences of structure between these 
veins and the east and west lodes already studied. The country 
dips in general pretty regularly to the south, or south a little 
east, at an angle from 5° to 15° ; the killas is of a bluish black 
color, homogeneous, and pretty hard in those parts of the 
district favorable to lead lodes. The hardness is stiU greater at 
a depth of about 150 fathoms. In the killas masses of rock 
locally, but improperly, called elvan, are intercalated ; these are 
a kind of very f elspathic diorite, compact or fine-grained, and 
tolerably hard in depth. The presence of this rock in the neigh- 
bourhood of the lode is by no means unfavorable. 

* R. W. Fox, On Mineral Veins, pp. 88-89. I would add that the great 
Master Lodes or Champion Lodes in which the miners have the least fear of 
perturbations, do not escape the action of flucans. Mr. Charles Thomas shewed 
me a heave of 4i" to 6" very clearly upon one of the walls of Dolcoath, produced 
upon this quartzose stanniferous lode of nearly 21 feet wide, by a very thin 
flucan. 

f The Iron Mines of Bestormel, near Lostwithiel, have long been worked, 
at first near the surface, on two parallel lodes for a length of nearly two miles, 
more recently the workings have been chiefly on one lode. The mean direction 
of these lodes is N. 15^ W., and the dip is from 70° to 85^ eastward. The present 
depth of the mine is 12 fathoms below the deep adit, or between 60 and 70 
fathoms from surface. In the prolongation of this deposit, the Ordnance Map 
shews an iron lode bearing 6^ west of north, and running from Black-pool to 
Balscalt, eastward from Bodmin. From this point to the southern extremity 
near Lostwithiel, the distance is nearly 3 miles. In 1858, the underground 
workings, from 50 to 60 fathoms below the surface, were reached bv a cross-cut 
adit level 240 fathoms long, which continued by the side of the lode for 500 
fathoms ; in this part of the lode the direction was N. 2° to 4° W. At less than 
a mile to the west is the eastern side of the St. Austell granite mass, so that at 
Bestormel the strike of the schists is N.N.W. More to the north the curving of 
the rocks corresponds to a bearing of N.W., and at last, near Bodmin the schists 
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One of the most interesting lodes in this group is that worked 
on the two contiguous mines of Trelawney and Huel Mary Ann, 
the former being north of the latter. Having visited Trelawney 
in 1858, the facts stated below relate especially to this mine, but 
according to the very complete descriptions of Mr. Henwood, 
and the notes of Mr. H. C. Salmon, upon which I rely,* a great 
many of the characters of this vein re-appear, it seems, in the 
lode at Herodsfoot, situated more to the south. The lode at 
Trelawney and Mary Ann has been opened upon for a total length 
of nearly a mile. At Trelawney the bearing is N. 5® W., and 
at Mary Ann, N. 3° to 8** E., coinciding accurately with the 
directions of the principal joints, which vary from N. 12** W. 
to N. 8° E.t 

Two faults cut through the lodes ; the bearing of the first is 
W. 32® to 37® N. and the underlie southward ; that of the second 
W. 22° to 28® N. and the underlie northward. The latter has 
limited the working of Mary Ann towards the south, and the 

nnder the influence of Bodmin Moor dip to the south. The lodes properly known 
as Bestormel therefore make with the strike of the surrounding schist a very 
acute angle a ; i.e. they do not cross the strike of the rocks. 

On the other hand the N. and S. and N.N.W. lodes which are called gmdes, 
in the St. Just district, and which are rich in oxide of iron, form useful junctions 
rather than intersections, with the W.N.W. and N.W. lodes. Mr. J . Oabnb 
{On the Mineral Proditctions of 8t. Just), cites the Narrow Quide, which by 
its junctions with the "Huel Button" copper lode at Botallaek produced a rich 
deposit of copper on the part called the "Crown Lode," and which a little more to 
the soath gave with the Farknoweth tin lode an immense quantity of oxide of 
tin ; the same guide would cut the Huel Owles tin lode still farther southward, 
and at this point, on the contrary, their being no junction the riches came to an 
end. Mr. Henwood {Met. Dep. p. 10), in confirming Mr. Oame's observations, 
said " in many oases, although the lode has contmued rich in actual contact 
with the cross-vein, it has never been discovered on the other side. 

• Met. Dep. 1871, pp. tJ99 to 720, and Tables 27—29 ; Mining cmd Smelting 
Magazine, vol. 11, 186K2, pp. 211 to 2122. 

t The lode at Herodsfoot bears N. 8® to 12<' W., and dips 80° to tiie east. 
It would not be difficult to find the following directions in the lodes of Liskeard. 

North of England N. 8<> 7'W. 

Perpendicular to Land's End N. 8<> 23' W. 

Ehine N. 10*^26' E. 

This latter system is clearly marked in the lodes of galena, having a gangue of 
fluor spar which are worked upon the banks of the Tamar. According to the 
Map of the Tavistock Mining District published in 1859, by Mr. C. Willifuus, the 
mean directions of the Beeralstone lodes are : — 

Tamar Mine N. 3^ E.l 

South Tamar N. 9® E | The underlie 

East Tamar N. 9*=* E. >- is 

Gmt Tamar [f \^ fj *='^'~^ 
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exploratioiia made in the broken and elldy ground in the neigk- 
boiirhood of the fault have been unprofitable. 

Tbe mean dip of the lode is 76" to 79° towards the east, the 
parts having greatest underlie are inclined 70", 68°, or oecasion- 
ally only 64° from the horizontal, while thoae nearest the 
perpendicular ma^e angles of 86°, 88°, or 90°; there are indeed 
some local inversions where the dip is towards the west. 

The mean size of the lode is about 2 feet, and it varies in width 
from 6 inches to 4 feet ; in some places it is composed of numerous 
subordinate veins, 

The lode ia accompanied by a well developed siliceous selvage 
or capel, which is very remarkable on account of the appearance 
of the quartz and its breociform structure. The quartz is white 
and porceUanous, and it encloses fragments of black killaa, 
having sharp edges and appearing to be silicified, as shewn in 
the figure in the note below. In the stopes at Trelawney, I have 
seen this breccia from 3 to 4 feet wide. Mr. Henwood says " it 
rarely extends more than 4 or 5 feet from the lode, and it never 
contains much galena ; it occurs more often on the foot wall than 
on the hanging wall. Contrary to the common t^nion otto a similar 
ttructure in a copper district, this breccia is considered as a favor- 
able indication in the whole of this lead-bearing district.* 

■ The following fignre from Dr. La Neve Foster'a account of tliB lode at 
Bnel Saij Aon, is a cnisa-eectioD of the lode at a point where the hrecciform 
eapel is foond on the foot wall, as shewn at a; li is a band of vitreonB quartij 
e e are bands of chBlcodonio quartz known as "oab" ; and d is a band of 
orretalUne qaartz contaimng many "vnghs"] ft ft is the kiUos. — See TraDB. 
■" — ' "--' "-- "-- n. Vol. I" 
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I will add as a contrast to the preceding remarks, that the 
encasing rock is here harder in the immediate neighbourhood of 
the lode than at a distance of some fathoms, whilst nearly every- 
where else when a cross-cut is driven in search of a lode its 
nearness is indicated by a softening of the ground. It would 
seem almost evident that the siliciflcation of the rock and the 
formation of the quartzose breccia having from the first prepared 
a particularly stable cavity, the obliteration of the vein or its trans- 
formation into flucan has here been prevented ; not only have the 
walls been consolidated, but new surfaces still more solid have 
been provided by the thick quartz breccia. From the variety of 
minerals contained in this lode,* it is probable that the filling 
was continued during many geological periods. 

Fine crystallizations were also frequently met with in cavities 
or *'vughs." In 1858, some of the levels at Trelawney laid 
open magnificent vughs which continued open for a great Length 
at the backs of levels, rising almost vertically to a height then 
undetermined. 

The mineral was not equally distributed throughout the lode, 
it was especially abundant in those parts which were most nearly 
vertical, and appeared concentrated towards the middle of the 
lode. The rich parts did not occur as well-defined columns or 
shoots f on the contrary they consisted of a series of little lenticular 
masses connected by threads of mineral. Moreover, in spite of 
the regions disturbed by the east and west faults, the almost 
contiguous workings have included nearly the whole of the lode. 
The workings have been carried to a depth of 256 fathoms, and 
the lode proved productive at Trelawney for nearly 500 fathoms 



* At the outcrop in the region north of the lode there was ffozzan, in 
the upper levels carbonate and phosphate of lead were fonnd ; lower down with 
the galena there was pretty mnch iron pyrites, with a little blende and copper- 
pyrites. The presence of this latter mineral appears to be a favorable indication 
01 richness in silver. The average proportion of silver per ton of dressed mineral 
varied in different parts of the workings from 35 ozs. to 66 ozs., and the general 
mean would be close npon 50 ozs. As to the earthy gangues the most abundant 
after quartz was fluor spar ; barytes occurred in quantity about the 40-fathom 
level, and more rarely down to the 80-fathom level, while carbonate of lime especi- 
ally occurred in the lower levels. These two latter substances are generally scarce 
in Cornwall, but they occur largely iu other mining countries. In 1858, at Tre- 
lawney Mine 100 tons of mineral raised, yielded when dressed 8 to 8^ tons of 
merchantable ore. 
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in length, and at Mary Ann for about 300 fathoms in the lower 
levels.* 

Thus, these straight lodes having few undulations, a great 
angle of dip, a width subject only to gradual variations, and a dis- 
position of metallic contents which seems more reg^ar in cross 
section than longitudinally, form true types of lead bearing, 
cross-courses; we see clearly in what manner their general 
characters {aUu/res) differ from those of the lodes of copper and 
lead belonging to the east and west class of Cornish lodes, and 
also that they deserve to attract the attention of the miner ; but 
when we once recognise to what a concourse of favorable circum- 
stances their origin and development is due, we need not be 
astonished at the relative rarity of such deposits in Cornwall. 

VI. — Injhence of paralhltsm, 
a. Opposition (vis-drvisj, of riches in lodes which are nearly parallel. 

It is a well-known rule in mining countries that whenever a 
lode is rich for a certain extent, the branches or neighbouring 
lodes which axe nearly parallel are likely to be '* cut rich" by 
a cross-cut starting from the profitable region of the first lode, 
and in a direction at right angles to the common bearing of the 
lodes. 

I will examine briefly the analogies of structure of parallel 
lodes in a given "country," and within what limits the rule of 
opposition of riches may be depended upon. 

In each of the numerous mining districts of Cornwall the 
lodes are productive in lines which seem to be perpendicular to 
their respective directions, hence the expression "ore against 
ore." But as the directions of the lodes vary in the different 
districts, the directions of these productive lines are not always 
the same.f 

In each district, by a coincidence which cannot be fortuitous, 
the productive lines are oriented almost like the principal cross- 

• The "exploitation" of this lode was very active. Trelawney began to 
sell ore in 1844, Mary Ann in 1846 ; from these dates to the latter months of 
1868, or a mean period of 23^ years, the value of the mineral extracted reached 
the sum of ^6919,709. Wheal Mary Ann was stopped in 1874. 

t Henwood Address, p. 11, and Met. Dep. p. 215. 
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courses.* But the existence of the former is a fact superior to 
the latter ; the enrichment that the lodes owe to the influence of a 
common cross-course increases the analogy of the position of 
their riches, but is itself due to the analogy of structure of the 
parallel veins. 

Let us consider first the lateral branches of a lode, and then 
the case of two parallel lodes very near together. 

In a lode, it is by the side of a normal rich part that one must 
expect to find parallel branches which are rich and of proper 
bearing ; the miner is not ignorant of this, and does not commit 
the blunder of driving his cross-cuts from the parts which are 
poor and thin. Owing to the longitudinal extent of similar 
veins and rich branches being considerable compared with the 
space which separates them transversaUy, the opposition of riches 
subsists whatever may be the diiference (a) of orientation of the 
veins and of the '^ country." If two lodes nearly parallel and not 
far apart, enclosed in rocks of which the strike is nearly the 
same as their bearing, and of which the inclination (i) is 
moderate, are projected upon a vertical and parallel plane, the 
result is a partial superposition of the projections of the rich 
bands. 

A cross-cut driven at right angles, may, if it appears included 
in this zone of superposition in a vertical plane, tie together 
the two rich parts, while being driven entirely in the same 
favorable strata. If the two lodes are more distant, if they differ 
in direction of underlie, if the beds are more inclined, or thinner, 
the normal riches which are superposed in projection will be 
enclosed in distinct beds ; the cross-cut, if well placed, which puts 
them in communication, wiU have had to cut through, hori- 
zontally, one or more bands of bad rock. 

As the angle (a) increases, the superposition will happen more 
fortuitously ; we leave the case of lodes proper and pass on to 
caunters. Now it is very evident that the rule of productive 
lines can only apply in each locality to a single group of principal 



# " Parallel lodes are frequently productive on the lines^ of the principal 
cross-courses, or ore, as the miners saj, is found ogaAnat ore in different lodes ; 
and they often ^eld much ore on both sides of a oross-oonrse, or on one side 
only." B. W. Fox, On Mineral Veins, p. 88. 
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lodes, i,e. to those whose orientation is pretty near to that of the 
containing rocks.* 

The expression ''ore against ore" no doubt attained its general 
use in the anciently explored Gwennap district, and it is con- 
firmed in the mines of Bedruth, Illogan, and Camborne. 

In these districts the angle a is small, and in some places 
nothing ; the structure of the normal rich part is a '' course of 
ore " very slightly inclined, sometimes appearing in a great curve 
following that of the hill ; such were the great courses of ore in 
Consolidated Mines, referred to by Oapt. B. Tregaskis, and Mr. 
E. W. Fox.t 

In these districts the parallelism extends itself not only to the 
lodes and the MUas, but also to the granitic hill and the numerous 
elvans. The courses of ore occur both as normal, and as accessory 
rich parts ; subordinate to the elvans, changes of country, and 
even to the numerous and almost horizontal junctions.} 

The very inclined shoots are only connected with certain cross- 
courses, or with the intersections of or junctions with some other 
lodes, and particularly with some excellent caunters. 

The Oambome and HLogan district§ presents at the present time 
the finest example of these phenomena of parallelism. Without 

* If we consider a group of cross-veins, the productive line will approach 
from the direction of the strata, and the mle of opposition of riches wuf again 
be evident. The beds <^ rock are cnt through transversally by parallel IcKleg, 
and these sections being almost identical, it wonld be ^nite natural l^t 
a similarity should exist as to the configuration and the position of the riches in 
the cross-veins. 

The lodes of the Liskeard district, up to this time worked in three different 
N. and S. zones, may some day have their parallels flanking them respectively, 
but this is not the case yet. 

t See Chap. 1, p. 15, development of the third general character, dip of the 
rich parts, 

t Mr. Charles Thomas, speaking of the great metalliferous zone which bears 
E.N.E. (E.W. mag.), says at page 7 of his **Semarks," " wherever in the direc- 
tion the great beds of secondary granite (mine granite), compact day-slate, 
greenstone, white granular killtts, and elvan courses are found, tnere the great 
deposits of copper have been found." 

^ After having been one of the re^ons most productive for copper, the 
district now contains the finest tin mines in Cornwall. It forms with the districts 
of Sedruth and Gwennap a rectangle of about 15 square miles. The length 
measured in a direction E.N E., is about 6 miles, and the breadth about 2|. 
Within this area, which is smaller than many French mining setts, there has 
been raised copper ore alone to the value of 30 millions sterling. In 1859, the 
date of Mr. Chas. Thomas's memoir, the annual produce of copper was still half 
a million sterling, i.e, equal to the entire produce in copper of all the rest of the 
mines of Cornwall and Devon. 
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entering here upon the study of its geological constitution, and 
of the important mines included therein, I will try to sketch 
the group of parallel lodes worked in about twenty mines, which 
may be divided in four groups — corresponding to as many suc- 
cessive zones, which border the north side of Cam Brea hill. 
The length of this little territory is about 2J miles, and the 
breadth measured from S.S.E. to N.N.W. is nowhere more than 
1^ miles. Plate YI, is a reduction to the scale of \^" to the 
mile (or 41,907), of a part of a map drawn up by Mr. R. Symons 
in 1850; it also contains a section in a direction which is 
nearly N.N.W. 

The granite island of 0am Brea is simply an outKer of the 
mass of Cam Menelez. The great masses of Cornwall, and 
especially that of Cam Menelez, appear on the map generally in 
a somewhat elliptical form. Their structure, owing to the inter- 
section of the lines of upheaval and consequent fissures, is in 
reality that of irregular polygons. Still, it must not be lost sight 
of, that these granite bosses are the land marks of successive 
upheavals, and that they are really parts of complete granitic 
chains, so that ttpon those flanks whose hearing corresponds with that 
of the principal chain, nothing interferes with the parallelism 
of the strata, whilst upon the other sides the schistose covering 
is subject to local contortions. Two neighbouring bosses have 
between them a granite col, upon which the killas forms a saddle. 
These two bosses are connected by a subterranean ridge of the 
same rocks, which determines the anticline of the stratified 
rocks. Near the centre of one of these intervals between two 
neighbouring bosses, the bearing of the strata may be quite well 
defined, and their diiferent beds quite reg^ar, but as we 
approach the granite in either direction the curvature becomes 
evident. The central chain, the existence of which is indicated 
by the masses of Cam Menelez, St. Austell, and Bodmin, owes 
its elevation to the system of Westmoreland, bearing E. 40^ 
24^ N. ; we have already noted some lines parallel to this system 
which are well characterized in this region of the peninsula.* 
But the direction of the system of Finist^ref E. 21«» 46' N., 
is also strongly marked in the same district. The obtuse angle 

* Elie de Beaumont, Systinies de Montagues, pp. 181 and 193. 
t Ibid, p. 881. 
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of 161 ° 22' comprised between these two directions is the measxire 
of the interior angle of the granitic polygon. We shall find it 
farther on in examining the groups of lodes, and it is readily 
recognizable in the form of the islet of Cam Brea. 

Let us suppose, finally, a vertical section bearing N. 31** "W., 
this will pass from the granitic plateau to the little schistose 
valley in which the Basset Mines are opened, then through the 
granitic hill of 0am Brea, and, thanks to modem workings, we 
shall see. again, under the covering of killas, the profile of the 
subterranean granitic ridges in the mines of 0am Brea and 
East Pool. 

I owe to Mr. H. 0. Salmon the following description of the 
four zones of mines..* 

The first, proceeding from the granite from east to west, 
comprehends the mines of Oambrea, Tincroft, part of East Pool, 
Oook's Kitchen, Dolcoath, Stray Park, and Oambome Vean. 
The outcrops of the principal lodes are in the killas, but 9II pass 
into the granite at a depth which is generally less than 110 
fathoms below the adit ; the first underground ridge occurs in 
this zone, and its highest points approach, in places, within 
150 yards of the surface. 

The second zone includes Wheal Tehidy, parts of Wheal 
Agar and East Pool, South Crofty and South Boskear : as yet 
the granite ridge has only been reached at East Pool. 

The third zone is that of North Pool, part of Wheal Agar, 
North Orofty, and North Boskear. 

The fourth comprises West Tolgus, East Seton, Wheal Seton, 
and West Seton. 

Besides the principal lodes, there are in the four zones a number 
of Oaunters bearing from W. 3° N. to W. 30® N ; I may mention 
that of N. Eoskear and S. Boskear, that of Dolcoath, and the 
great lode which, starting from the eastern side of N. Orofty, 
unites itself to the West Seton Lode, and which, having been 
worked under the name of Beeves' Lode at N. Orofty, has given 
under the name of the Great or North Gaunter, at Wheal Seton, 
the magnificent course of Oopper ore represented in Plate 1. 
fig. 1. 



• Min. Smel. Mag., vol. 1, p. 384. (1862.) 
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In Table XII the mines of these four zones are grouped in 
three columns nearly perpendicular to the course of the lodes. 

TABLE XII. 



* ■■" West 
'4 West Seton, Wheal Seton 



1 



Zones 



3 North Boskear 



2 South Boskear 



Camborne I Stray- I Dolcoath 



NOBTH 

East Seton 



East*— ♦ 
West Tolgrus 



North Crof ty . North Pool 
\ Wheal Agar 



South Crofty ^ Wheal Tehidy 



Vean 



I a 1 



Cooks' 
Kitchen 



Tincroft> East Pool 

) Cambrea 



The above table gives in each vertical column the mines which 
occur opposite to each other {vi8'd.'Vi8) ; but on referring to the 
map we see that the three columns diverge from each other like 
a fan in receding from the granite. Thus, in drawing by way 
of comparison, lines such as A.B.C. bearing N. 31° 5' W, we 
observe that they are parallel to the bisectrix of the obtuse 
angle 161** 22' already mentioned. The line in question passes 
to Camarthen in A, *cuts through the rugged summit of the 
granite mass, and at the point B. approaches the northern 
limit of the narrow sett of Cook's Kitchen. From B to it 
almost exactly separates the western from the central column. 
Parallels to the systems of Westmoreland and Finistere respec- 
tively, through A, westward in the direction 40° 24' south and 
eastward 21° 46' north, enclose the two extreme points of the 
granite islet ; if similar lines are taken 330 yards more to the 
north they pass through the culminating points of Camborne 
Beacon to the west, and Cambrea Monument to the east. 

Through B one line has a mean direction which is nearly 
that of a part of the great lodes of Dolcoath, Stray Park, &c., 
(and, if prolonged, passes to Pendarves and St. Aubyn Consols 
Mines) ; while the other corresponds with a part of the lodes of 
Tincroft and Cambrea. 

Through C, a point arbitrarily chosen, the lines go on the left 
to West Seton, and on the right to West Tolgus. 

The perpendicular to the system of Finistere is N. 21° 46' W. 
and it differs very little from that of Forez which is N. 23° 
22' W., and from the much more ancient system of Vendue which 
is N. 26° 13' west. The cross-courses attributable to the system 

G 
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of Forez, therefore, naturally predominate in this region ; near 
to this direction N.N. W. we see in the western column many 
cross-courses which bear nearly N. 40° W., i.e. tending towards 
the perpendicular of the lodes, whilst at the extreme east of the 
map some cross-courses bear nearly N. 8° W. like the system of 
the North of England, or the perpendicular to the Land's End. 

According to Mr Henwood the general mean bearing of the 
cross-courses of this district is N. 34° W. which differs but little 
from the bisectrix N. 31° 5 W. of the obtuse angle Finist^re — 
Westmoreland ; the principal lodes vary from E. 20° N. to E. 
40° N.* and these limits coincide practically with the respective 
directions of the two systems mentioned. 

At the epoch when the action of the Westmoreland system 
ceased, what was the direction of the E.W. fissures, fractures, 
.or openings in this district? Those due to the system of 
Finistere must have been pretty straight, and in the two groups 
Fc (underlying South) and F« (underlying North) the mean 
directions would diverge but little. 

The fractures attributable to the Westmoreland system would, 
on the contrary, diverge some degrees, those of the type Fa 
tending in the direction of the beds, i,e, E.N.E., those F<? 
towards the N.E. 

Even at that period a certain number of fractures, no doubt, 
presented considerable inflexions (18° 38')f i,e, they were made 
up of elements taken from both systems. 

Finally, some fissures, due to the system of Morbihan, W. 36° 
13' N. might have cut through the strata, but their numbers 
would be much less here than in other districts. During the 
Devonian period % the system of the ^Land's End, E. 8° 23' N., 
the influence of which predominated in the east of Cornwall and 

* Met. Dep. 1843, p. 64, 65. ''The principal lodes of this district have a bearing 
wldch varies from 20^ to 40° S. of E., bnt some of tbem dip to the N., and others 
to the S. There are many Caunter- Lodes varying from 10° to 30° N. of W. but 
they have almost exclusively yielded copper ore." 

f See for their bearings and the relative angular values of the eleven ancient 
Systems, the table in Note D. 

X Mr. S. B. Pattison in the Annual Report of the Royal Oeological Society 
of Cornwall, 1852, has summarised the Geological Class&cation of the ancient 
rocks of Cornwall to that date ; he thus defines the Devonian series. 

f 1. Upper = Petherwyn Group A. 
n. Devonian (or middle Palaeozoic)-^ « Lower i * Plynioutn Bocks B. 

[^ ' \h Liskeard Group C. 
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Devon, acted very effectively upon the rocks of the west, which 
were already fissured by the systems of Finistere and "West- 
moreland; the acute angles so produced between Land's End 
and Finistere, and Land's End and Westmoreland, being only 
13° 23' and 32** 1', the movements of the ground became trans- 
mitted to the openings already existing, and thus a relatively 
small number of great new openings were produced. 

The system of BaUons, W. 5° N. (belonging to the carbon- 
iferous period) having a greater divergence, produced a series 
of caunter lodes and also re-opened many fissi^res belonging to 
the systems of Land's End and Finistere, and even certain 
fissures due to the Morbihan system. The angles between the 
Ballons system and those of Finistere, Westmoreland, and Land's 
End, are 26<> 46', 45° 24', and 13° 23' respectively. Thus, as 
might be expected, the Ballons fissures in this district often 
became chiefly visible as in the east and central columns of Table 
XII, i,e, in the neighbourhood of the lodes of the Westmoreland 
system. Of these caunters the lodes Fa tend to approach each 
other in going west, and the lodes Ft? in going W.N. W. ; all are 
apt to form junctions and lose themselves in the E.W. veins 
already existing. 

Among the caunters, I have already mentioned the fine lode 
known as Reeve* s''^ whose bearing is W. 3° N., and which dips 
northward about 73° ; I have also mentioned the caunters of 
Dolcoath, North Roskear, and South Eoskear, which are very 
rich, but less explored in length ; aU these dip southward like 
the principal lodes with which they form junctions. 

The system of Forez and that of the North of England, acted 
during the deposit of the millstone grit and the coal measures, 



* Mr. H. C. Salmon (Min. and Smelt. Mag.^ vol. ii, pp. 74 and 277), gives 
a very interesting description of this lode, which has been followed with advantage 
in North Orofty, part of North Boskear, and Wheal Seton, and in which workings 
are opened for a length of nearly a mile. The eastern portion, that of N. Crof^, 
measures 3-5ths of a mile ; a cross-course divides this sett from the northern 
angle of North Koskear which the lode then crosses for a distance of about 
180 fathoms, after which it enters Wheal Seton, where it is known as the great 
or north caunter^ and is heaved to the right from 20 to 25 fathoms. Fig. 1, 
plate 1 , represents the workings in these two latter mines. After a course of 
nearly ISO fathoms in Wheal Seton, the lode turns rapidly towards the west, so 
that within a space of about 40 fathoms, its direction is changed no less than 36^; 
from here the lode, which should, I believe, be regarded as absorbed by another 
vein, traverses West Seton, and still going westward, reaches New Seton. The 
new mean direction is £. 33^ to 34° N., or almost exactly that of the " right- 
running " lodes of the district, 
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interrupting the series of east and west movements commenced 
by the system of Westmoreland, and continued by those of Land's 
End and Ballons. But the system of Pays Bas, E. 14^ 55' N. 
almost exactly bisecting the bearings of Finist^re and Land's 
End, exercised at a later period a most efficaceous action in re- 
opening the east and west fissures, and bringing into play the 
great masses cut through by the cross-courses. 

The presence of silver ores at certain points in some of the 
lodes is a certain indication of other systems of disturbance of 
less ancient data in this region, but all the principal fissures 
existed at the close of palaeozoic times. 

Before summarising the preceding facts as to the parallelism 
of lodes, we may note from Mr. Henwood, that, in Cornwall, 
** although levels have often been driven in adjoining mines for 
considerable distances on the course of a given lode, it is not 
certain any one lode has been really traced for more than a 
mile."* 

The separation of lodes into different ''setts" materially in- 
creases the difficulties of observation upon the continuity and 
identity of lodes, but the uncertainty referred to by Mr. Henwood 
is due to more general natural causes. 

Reverting to hypothesis, we may suppose that in strata such 
as those with which we are concerned, but free from great 
pre-existing dislocations, there will be produced under the influ- 
ence of a single system of upheaval, certain east and west fissures 
of both kinds (Fc Ya) cutting through the schists at a little dis- 
tance from the granite. The schists are moderately inclined, they 
present a general curvature towards the north, and their beds are 
distinctly convex. 

We will select in this region two fissures, one Fa, the other 
"Fc (dipping north and south respectively) which have a proper 
bearing tangential to the curve of the strata, and follow these 
both eastward and westward. 

Necessarily, the angle a will increase on either hand, whilst 
the deviations (x — a) in passing through the bad beds are them- 
selves augpnented. The fracture Fa will therefore form a great 

* It is generally believed however, in Cornwall, that the same lodf^s in 
Gwennap and elsewhere, have been worked upon at different points several miles 
apart, and that the main cross-courses have a greater longitudinal extent than 
the lodes ; some of these are known to extend completely across the county. — 
J. ii. C. 
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arc, of which the convexity, although less than that of the strata, 
will be turned in the same direction, i.e. towards the north, whilst 
the fissure Ft? will give an arc of inverse curvature. But as the 
angle a increases, and supposing that the strata remain of the 
same nature and that tiie mean dip is constant, we have 
seen that the cannelures if not effaced, at least lose much of 
their distinctness. Let us suppose that later on, certain move- 
ments of the ground having a little different bearing to that of 
the system of fracture, have determined a descent of the hanging 
wall. The amount of fall will no doubt differ at different points, 
but with an equal amount of fall the separation of the walls 
destined to form channels for the normal riches will become less 
and less, because it will occur in a part of the lode where the 
mean direction is more inflected ; the narrowing of the opening 
will be a consequence of its inflexion. 

But if phenomena of this kind have had some influence in 
the Camborne district, some other more direct effects of the 
systems of fracture have produced there a complexity in the 
deposits. Not to speak of the uncertainty which may have 
been introduced by the north and south cross- veins, the com- 
plex results of the five east and west systems, Finist^re, West- 
moreland, Land's End, BaUons, and Pays Bas, are sufficient in 
this district to account for the doubt expressed by Mr. Henwood, 
as to the possible length of a single lode. 

The two first systems furnished the essential characters which 
the three following ones connected together and developed. The 
deviations, the still greater inflexions, and the apparent curve of 
certain lodes at the foot of the granitic hill, form together a natural 
mass of numerous intersections, sometimes slightly undulating, 
sometimes nearly straight, at other times interrupted, at others 
again crossing each other, so as to resemble a drawing in which 
the shading is indicated by different sets of cross-hatchings ; 
but always connecting themselves with the two directions which 
are here fundamental; those of Finist^re and Westmoreland. 
These, both eastward and westward, indicate by their perpen- 
diculars the productive lines. This parallelism does not exist 
equally in all the mining districts of Cornwall, but as a whole 
phenomenon it results from this that the. E.N.E. bearing 
predominating in the rocks is found also in the principal veins. 
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The tradition of the miner upon this point, as upon many 
others, is solidly based, and we say with him that if it is good 
sometimes to explore the prolongations of a lode known to be 
rich, it may often be still better to work parallel lodes opposite to 
the rich points of lodes already known. 
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CONCLUSION. 



I liave sought to shew by what intimate relations the general 
conditions of a lode are connected with those of its enclosing 
rock, what practical advantage there is in knowing the strike of 
the rocks, and the direction of the system of fracture, and where 
and how the miner should observe the latter. 

A properly prepared fissure is the indispensable prelude to a 
good opening, such as, the opportunity occurring , would be able to 
contain good ** normal" riches. But, if by different mechanical 
phenomena, the subterranean channels have been multiplied in 
the lode and its immediate neighbourhood, these special openings 
will have constituted proper receptacles for abundant accessory 
riches. 

These conditions being satisfied, there are yet others which 
have aided in the formation of metalliferous deposits, and from 
a mechanical point of view in order that such deposits should 
be formed, it was necessary that, at the geological period 
when the productive fluids were circulating in their natural 
conduits, the movements of the ground should be in such direc- 
tions as to facilitate the opening of fissures and fractures, or 
the re-opening of pre-existing lodes and fissures. 

A knowledge of the " circle of directions," {rose des directions) 
which M. Elie de Beaumont so justly called ''a resume of geo- 
logical phenomena," serves in studying the strike of the strata, 
to mark precisely the bearing of the System of initial fracture, 
enables us to follow the complex movements which have prepared 
places of deposit for accessory riches, and finally, to determine 
at what geological epoch, i,e, under the influence of what System 
of upheaval, such metalliferous fluids have been poured out in 
one or more districts. 

An example will enable us better to appreciate how in setting 
out from the elementary ideas exhibited in the present work, 
we may approach the study of the principal groups of lodes in 
Cornwall. 
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During the formation of the permian rocks, numerous great 
deposits of copper were produced in many countries of Europe. 
There is, a priori, reason to believe, that the rich copper mines of 
Devon and Cornwall have participated in this considerable afflux 
of mineral wealth. 

The permian formation has for its base in Devon a series of 
arenaceous beds, which occupy the region north of Exeter ;* cer- 
tain movements of the ground brought the south of the county at 
that epoch in communication with the northern basin, and de- 
posited a series of conglomerates over a large extent of country. 
"We may connect these movements with the system of upheaval 
of Pays Bas or Hainault, the bearing of which in Cornwall is 
about E. 15^ N.* 

They are also distinguishable in the ancient rocks to the west 
and south west of Exeter, which had been previously fissured by 
the older systems. 

"What then would be in each district the fissures, openings, or 
lodes most likely to open or re-open so as to receive the cupriferous 
waters and to retain the deposits of copper ? 

The system of Pays Bas forms new fractures ; those of Land's 
End and Finistere will form with it the very acute angles of 
6° 32' and 6^ 51' ; with the direction of Ballons the angle will 
be only 19^ 55'; with that of Westmoreland 25^ 29'. We may 
evidently, therefore, expect to find that the fissures, openings, or 
lodes whose bearing is nearest to that of the system in action, 
will rather than others be opened or re-opened by the descent of 
their hanging walls ; in the meantime, by the movement of portions 
of country differently fissured, many other groups of veins over 
a more or less limited extent will be benefitted by the movement 
of the ground, in spite of their divergence from the system of 
Pays Bas. 

Going westward, we find below the carboniferous schists the 
Devonian formation, which extends downward to the lower schists 
of the neighbourhood of Liskeard ; here the direction of Land's 
End predominates, that of Ballons, which only differs by 13** 23', 
is observable in plaices, whilst the more ancient east and west 
systems are very indistinct. 

* De la Bechc ; Reporfc on the Geology of Cornwall, &c., pp. 199 and 215. 

* The bearing of the greafc circle Da — carried to the point a ^^' is E. 14o 
64' 52" -16 N. 
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On the contrary, we have seen that in the west-central part of 
Cornwall the best districts bear the direct impress of the systems 
of Finistere and Westmoreland, and traces of those of the Land's 
End and Ballons. 

If from great divisions we turn to the different parts of one 
single district, we shall have to state some new differential 
characters as regards both the normal and the accessory riches. 
In fact as the composition, inclination, and bearing of the rocks 
vary generally in different districts, the characters (allures) of the 
openings due to the same system of fracture are not the same. 

If one of these elements, and especially the strike of the rocks, 
should differ sensibly, it will be sufficient to cause the opening to 
take in one place the character of a course of ore^ in another, an 
inclined shoot ; in one place to be a principal lode, in another, a 
caunter lode. 

As to the accessory riches, the qualities and relative characters 
of rocks of different nature, Idllas, granite, or elvan, which 
enclose a single vein, will introduce in oach, district very 
unequal results. Junctions and intersections will occasion a 
still greater variety, for not only does each district possess in 
unequal degrees fissures due to several systems, but, moreover, 
the fissures of common origin not having exactly the same 
surroundings, the movements of portions of rocks which they 
cut through have been different. 

All these variations will come to be appreciated when they are 
connected with their essential causes; very numerous are the 
phenomena, and very various their results, but miners are atten- 
tive and persevering observers. 

Even now, if the mining engineers of Cornwall see their own 
interest, it ia easy for them to determine by personal observation 
the good direction of each of their lodes. I believe that they will 
soon make use of the numbers calculated for their county, but 
if without regarding these numbers they observe with attention 
the bearing of each lode in its normal rich parts, they will soon 
ascertain by comparison the practical exactness of the calculated 
directions. 

The example and advice of Mr. Henwood* must be followed ; 
** Obtain more experience, compare facts with greater care," and 

* **A more extended experience, and a more careful am^ of facts seem our only 
resource," Address, p. 20. 
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the miner must profit by the progress of geology, and give to the 
art of mining a scientific basis. 

M. Elie de Beaumont well said, " Thus a growing science will 
be bom where there will be much less of mystery; a science 
partly new and almost completely experimental, of which the 
introduction in the mines will before long become a question of 
public utility."* 

No mining country is perhaps better suited for the develop- 
ment of such studies than Cornwall ; the field of exploration, 
without being too great, is as rich as it is varied, while there is 
also a unity of interests, a number of eminent scientific observers, 
and a body of able and energetic practical men. 

Our age has produced worthy successors to Pryce and Borlase. 
The Royal Geological Society of Cornwall may well boast the 
names of Dr. Boase, J. Came and W. J. Henvood ; the Royal 
Cornwall Polytechnic Society those of R. W, Fox and Robert 
Hunt. 

The Miners' Association of Cornwall and Devon, which forms 
a permanent link between the scientific observer and the practical 
miner, was originated by Mr. Hunt in 1859, and its afPairs were 
conducted by him imtil failing health compelled him to resign 
the position of Honorary Secretary in 1871. 

As such influences come into operation, we may expect that 
before many years have elapsed there will be much less uncer- 
tainty than at present. In proportion as the miner penetrates 
into the depths of some of the inexhaustible districts of Corn- 
wall, he wUl approach with confidence the technical problems 
upon which he merely touches to-day ; for, to increasing material 
difficulties he will oppose the knowledge of the allures of the 
mineral riches, which each day renders more complete. 



• Progris de la stratigraphie en France (1869), p. 559, 
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APPENDIX. 



NOTE A. 

Explanation of certain terms ttsed in this work, with the meaning 
which is given to them in the theories of M. Elie de Beaum^ont, 

THE theories of M. Elie de Beaumont have reference to two 
successive and distinct orders of phenomena. The first relates 
to the relative ages of mountains, and to their grouping into 
contemporary and parallel chains ; the second is a correlation of 
the directions of the different Systems by means of a pentagonal 
network, or figure representing the geometric law according to 
which the positions of the different Systems are connected with 
each other. 

There is no intention to give, in the few pages available for 
this note, even a short explanation of those great labours which 
were commenced in 1829, and continued during 40 years. The 
object of this note, which is specially written for the English 
Translation, is merely to summarize some of the principal features 
of the doctrines of M. Elie de Beaumont, so as to enable those 
readers of this work who may be unacquainted with them, 
to understand the sense in which such expressions as Direction 
of a System of Fracture, Mountain System, Stratigraphic Sys- 
stem, Great Circle of a System, point (a^^) &c. are used. 

The author is well aware of the difficulty of giving to such 
a resume, the necessary amount of clearness; in making the 
attempt, he wishes at once to comply with the expressed desire 
of his distinguished translator Mr. J. H. CoUins, and with the 
recommendation of his venerated master, M. Elie de Beaumont, 
made in July, 1874, when he heard of the proposal of the Council 
of the Miners' Association to issue a translation of this work. 
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1. — Mountain Systems.* 
Definitions, — ** Fractures effected in the exterior crust of the 
earth have determined the elevation and uptilting of the rocks 
of which this crust is composed, and the crests of these broken 
and upturned beds of rocks form the summits of those asperities 
of the surface of the globe which we call mountain chains.f 

''Mountain chains are either straight or made up of 
straight * elements,' to which we may give the name of Unks.^^X 

**The different ** links" observable over a large extent of 
country, though presenting great variety of direction, are mostly 
connected with a limited number of orientations. Each group of 
mountain links or topographic accidents characterised by frequent 
repetitions of one of these orientations f is what we call a Mountain 
8ystem.§ 

We may then regard the expressions 'mean direction of a 
System of fracture, mean direction of a System of upheaval, 
and direction of a Mountain System,' as almost synonymous. 
The meaning of the term System of furrowing is wider, because 
it includes the larger undulations of the drainage system as well 
as the mountains themselves, but the expression Mountain System 
is generally preferred, because it relates more especially to the 
best charcLcterised portions of the System.|| 

In 1829, in his first memoir, M. Elie de Beaumont only treated 
of 4 European Mountain Systems, but soon after he indicated 21. 
In 1869,^ he announced that in consequence of the labors of 
different geologists in all parts of the world, 85 Mountain Systems 
were already pretty well defined, and he thought that within a 
few years the number would be at least 100. 

Relative Age, — The parallel links which constitute a Mountain 
.System are contemporaneous; we are able to determine 
the relative ages of different systems by a consideration of the 
following facts. 

* See Notice swr lea Syatimes de MontagneSf par L. EUe de Beawnontf 3 vols., 
Svo. Paris, published by P. Bertrand, 1852. Most of the definitions here given 
are taken from this work. 

t Syat, de M., p. 11. 

X Syet. de Mont.f p. 2. 

§ Ibid. 

II IHd, p. 11 and p. 1316. 

% See Rapport but les Progrds de la Sfratigraphie en France^ par L. EUe de 
Beavmontf 4to. Paris, Imprimerie impdriale, libralrie Hachette, 1809. 
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In each, mountain range, or at least in each group of parallel 
links, the sedimentary beds may be divided into two classes.* 
The more recent beds are horizontal right up to the flanks of the 
mountains ; the others, on the contrary, are upheaved and rest 
upon those flanks; and sometimes are even elevated to form their 
crests. It is evident that the elevation of the chain or group of 
parallel links took place at a date between the periods when 
the two classes of beds were deposited. The two classes of beds 
correspond also with distinct formations in the general series of 
stratified rocks. 

The age of a Mountain System may then be determined by 
observing the unconformability of strata whose geologic ages 
are known, and it is found to be very clearly determined when- 
ever such unconformability shews itself in a series of sedimen- 
tary rocks. 

Parallelism upon the eartNs surface, — ^In studying these furrows 
and fissures in the earth's crust which have been produced at 
any particular epoch, if our observations are confined to a country 
of small extent, ihQ curvature of the earth is scarcely sensible, so 
that we are able to apply the idea of parallelism without difficulty 
to the different natural irreg^ularities which may exist in any one 
System.f 

But when we extend our observations over regions of great 
extent, it is necessary to define what is meant by parallelism at 
the surface of a sphere. '' If we draw any straight line on the 
surface of the earth, either by a line of stakes, or in any other 
manner, if we disregard the effects of refraction, and that due to 
the spheroidal form of the earth, such a line is always an arc 
of a great circle."J 

In general, any two arcs of great circles, even when not very 
short, may be said to be parallel to each other, if they are 
so situated that they may be both bisected at right angles by a 
third great circlef. 

Thus, the short arcs of great circles A B and C D, fig. 1, plate 
VI 1 1, may be regarded as parallel, being cut at M and M' by a 
great circle EF, forming with them the right angles M and M'. 



* Byst, de Mont,, pp. 5, 6. 
t Syst. de Mont,, p. 16, et aeq. 
t Ihid. p. 17. t Ditto. 
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These arcs AB, CD, maybe regarded as little arcs of meridian, 
situated near to each other, and cut by the equator EF. 

A. series of links are parallel (by our definition) when we are 
able to draw a great circle of comparison^ such that arcs of great 
circles drawn through central points of the respective links 
perpendicular to their direction, are also perpendicular to the 
circle of comparison. Thus, the chains CD, EF, GH (fig. 2) are 
parallel, because the arcs of great circles IK, LM, NB, are all 
perpendicular to the great circle of comparison AB. 

Determination of the provisional great circle of comparison of a 
Mountain System, — " The fundamental problem, which is pre- 
sented by a system of short parallel arcs observed upon the 
surface of the globe, as indicated by the crests of mountains, or 
by the upturned edges of stratified rocks, consists in determining 
a great circle of comparison such that each of the little observed 
arcs is parallel to some corresponding element of the said great 
circle.* The condition of parallelism is only in general approxi- 
mately satisfied, so that we should rely only upon great numbers 
of observations over a great extent of country. In combining these 
observations we are able by successive approximations to deter- 
mine at least a provisional great circle of comparison for the 
system ; i,e, we may choose the direction and mean position of 
the circle, and fix it by giving the geographical co-ordinates of 
a point of the circle, and the angle a, which its direction makes 
at this point, with the meridian OP (fig. 2). 

We may also fix the position of the circle by calculating two 
quantities which enter very frequently into other calculations. 
For this purpose we note the point M (fig. 3), where the circle 
cuts the terrestrial equator, and the point A situated at 90° from 
M upon the great circle. In A the circle being cut at right angles 
to the meridian PAN, we determine the longitude of L (=OPN) 
and the co-latitude b (=PA) of the point A. The great circle is 
thus fixed. 

M. Elie de Beaumont in his Notice sur les Systhnes de Jfon- 
tagnesy has studied 2 1 systems in western Europe, has defined 
their great circles of comparison (retaining for their circles the 
term provisional), and has given to each system a geographical 
name, taken from some locality where its existence has been 

* Ibid, pp. 19, 20, 
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recognised. He has also followed up the study of some of these 
systems in other parts of the world. Among these 21 systems 
the most ancient is the System of la Vendee, whose bearing in 
Vendae and Brittany is N.N.W. ; the most recent is that of 
Tenare, Etna, and Vesuvius, the bearing at Etna being N. 8° 20' 

Extent, — It appears from his observations, that a Mountain 
System is seldom more than 1 0^ on one side or the other of its 
great circle of comparison. It is seldom that the movement has 
been prolonged, so as to produce a complete circle, or even half 
a circle. It appears as if the existing fractures of the earth's 
crust have served in part instead of new ones, and that new 
fissures have sometimes been produced so as to prolong those 
already existing. 

Finally, as the greatest amount of surface occupied by a Moun- 
tain System is never more than ^ (= m^ ) of the surface of the 
globe, no disturbance of stratification is universal. 

Transport of the directton of a Motmtain System to any given point. 
When we study in any country of moderate extent, the 
directions of the upheavals to which stratified rocks have been sub- 
jected, and desire to recognise those which are connected with cer- 
tain Mountain Systems, we choose a point as central as convenient 
through which we draw parallels to the great circles of compari- 
son. Knowing then the orientation at the point chosen (M), i.e. 
the angle which each direction makes with the meridian, we may 
regard this orientation as constant in the district, for the error 
thus made will be less than that which necessarily attends practi- 
cal observations on directions. 

For each System, the operation consists in taking from the 
point M (fig. 4) fixed by its geographical co-ordinates, an arc of 
a great circle MC perpendicular to the great circle of comparison 
AB of the System. The angle BMC formed at M by the arc MG 
with the meridian PMB of the place, is the complement of the 
angle sought, PMX, which is made in M with the same meridian, 
by the direction MX parallel (by definition) to the System. 

As to the trigonometric calculation, it consists in a resolution of 
the two rectangular spherical triangles if the great circle has 
been determined by the quantities L and B ii^dic^ted above. 
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Let L' be the longitude and \ the latitude of the point M 
(fig. 4), we consider successively the triangles PAB and MOB. 

In the first the angle P=L+L' and the side PA=b are known, 

from which we may calculate the angle PBA and the hypoten- 
use PB. 

Again, knowing PB, and the co-latitude PM=90^ — ^1' of the 
point M, we have in the second triangle the angle B and its 
hypotenuse MB=PB — PM, whence is calculated the angle 
BMO. The orientation of the System transported to M is 
PMX=90^— BMC. 

In the same triangle, the calculation of the side MO, which is a 
perpendicular dropped from the point M upon the great circle of 
comparison, determines at what distance the great circle passes 
this point. As already mentioned MC should not exceed 10**. 

M. Elie de Beaumont, besides having determined provisional 
great circles of comparison for 21 Mountain Systems, has trans- 
ported their directions to three points in Europe, 'oi% : — to Milf ord 
in S. Wales, Binger Loch on the Ehine, and to Corinth. 

2. — The Pentagonal Network. 

Having separately studied 21 Mountain Systems occurring in 
Western Europe, and fixed their provisional circles of comparison, 
M. Elie de Beaumont investigated the mutual relations of these 
21 Circles. He especially calculated the 210 angles made by 
these circles in taking them in pairs. ** These angles form, in 
the space of a quarter circle, a series of groups^ separated hy toler- 
ally wide spaces.* 

Observing this grouping, which could hardly be the result of 
chance, it occurred to him that he had under his eyes the 
indications of a law of correlation of the positions of the great 
circles of comparison, and that if the circles were not placed by 
chance upon the surface of the globe, they must necessarily form 
part of a network subject to aome principle of symmetry. 1[ 

He endeavoured, at first, to devise a system of projections in re- 
lation to three planes crossing each other at right angles, as in the 

• Syst. de. Mont. p. 877. 

f See RevxLe des Cours ScientifiqueSj 6« Ann^e No. 24, 15th May. 1869, Le 
Risenu Pentagonal p. 370 to 881 ; an article extracted by M. Elie de Beaumont 
from hia Rapport sur les progr^s de la Stratigraphie en France^ 



Appendix, Note A. 113 

"regular system" of Crystallograpliy. But, haying calculated 
a great number of angles in the net-work thus formed, he ob- 
served that those points in the quadrant, which were thus naturally 
associated together, had no connection with those which were 
determined from the angles deduced from observation. He 
was, therefore led to give up this first attempt.f 

Instead of this quadrilateral network derived from three rect- 
angular planes so cutting the sphere as to form 8 equilateral 
triangles, he endeavoured, and this time with success, to form a 
network composed of 20 equal equilateral triangles, having 
angles of 72^ and sides of 63^ 26' 5"-84, so as to include the 
whole surface of the sphere. The sides of these 20 equal equi- 
lateral triangles formed parts of 15 primitive great circles, which 
divided the surface of the sphere into 12 regular spherical 
pentagons, having angles of 120^, from which the designation 
Pentagonal Network has arisen. 

SJyort Description, — We can only give here a few mere indica- 
tions of the constitution of this remarkable figure. 

Around the point D (fig. 5, plate VUJL) the circle of 360** may 
be divided by radii into 5 angles of 72^ ; the prolongation of each 
radius to the other side of the centre divides the opposite angles 
into two angles of 36^. There are, upon the sphere, 12 such 
points D, forming the centres of the pentagons fig. 10, and 20 
points I forming summits of 20 equilateral triangles. 

In the centre I of each triangle DDD, (fig 6) the circles inter- 
sect at angles of 60** or 120^. There are 20 such points I, and, 
further, the circles are cut at right angles in the points H, in the 
bisections of the sides of the 20 triangles — consequently there are 
30 points H. 

The equilateral triangle DDD is divided by the apotheme 
D.I.H into 6 equal rectangular scalene triangles. The angles of 
these triangles D I H (fig 7) are respectively 90**, 60**, and 36**. 

Two contiguous triangles DDD (fig 8) form a great rhomb 
of which the centre is a point H, situated at the rectangular in- 
tersections. Combining the arcs which join the centre I of 
the pairs of contiguous triangles, we form the pentagon whose 
centre is at D, which includes 10 scalene triangles. 

Finally, we see that the smaller rhomb, whose centre is at H, 
and of which the diagonals are II and DD (fig. 8) Is formed of 
4 scalene triangles. 

t Bews Boienbifique loe. oit. p. 871. 

H 
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We see then that the 120 rectangular scalene triangles which 
include the whole surface of the sphere may be grouped in the 
following ways : — 

12 Pentagons, each formed of 10 triangles, 
which are joined at the points D where 

these angles are 36o (12 x 10=120) 

20 Triangles, each formed of 6 triangles 
joined at the points I, where these angles 

are 60° (20x 6=120) 

30 Ehombs, each formed of 4 triangles joined 

at the points H, where their angles are 90© (30 x 4=120) 

The lengths of some of the lines of the network* may be set 

down as follows : — 

Triangles Di D . Scalene Triangles DHl. 



SideDDa= 63° 26' 6"-84 | i side DD2=long side DH—3lo 43' 2''-92 

AiK>thexne DH.« 68 16 67-08 j f^^irrSlH^...:" Z|^ ^ f|.^ 

Perimeter 90 00 00 00 

The figures thus formed by the 15 primitive great circles 
correspond to many regular solids. But for the object of the 
present note it is not necessary to work out the intimate relations 
which exist between the great circles of the rheau and the series 
of regular polyhedrons inscribed within or circumscribed around 
the sphere ; it will suffice to say that the designations adopted 
by M. Elie de Beaumont for each group of derived circles of 
the first figure described, are taken from those different solids. 

Fig. 10, plate- Vm, represents one of the 12 pentagons. The 
great circles are represented as straight lines, owing to the 
(gnomonic) mode of projection which is adopted.! The four 
following groups of principal circles may be distinguished and 
represented by their poles upon the sphere (as in crystallography) 

viz. : — 

6 regular dodecahedral of whichthe poles are the 12 points D 

10 octahedral „ „ „ 20 „ I 

15 primitive „ „ „ 30 „ H 

30 rhomboidal dodecahedral „ „ 60 „ T 

InaU61 principal great circles. 



• Fig. 9 PI. vm. 

t i.6. a projeotion by radii to tangent planes as planes of projection. 
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We see in the pentagon (fig. 10) five points T, which cut at 
the same time two octahedral and one primitive great circle, and 
which form the points of a little pentagon concentric with the 
large one. 

The points already enumerated, viz. : — 12 D, 20 I, 30 H, and 
60 T, are called principal points of the Jlrst order, they amount 
in all to 122. 

The rectangular intersections of the 61 primitive great circles 
afPord three new series of points, caUed principal points of the 
second order ; these are 

{situated in the middle of the sides of the little 
pentagons of the points T, where the octahedral great 
circles cut the primitive at right angles. 

60 -no'iits h [ '^^®^® ^® reguLa/r dodeeahedral cut the primitive at 
^ ( right angles. 

120 T^o* t c I ^^®^® ^® rhomboidal dodeeahedral cut the octahed- 
P ( ral at right angles. 

There are thus in aU 240 principal points of the second order 

T}iese points are the poles of three new series of circles, thus: 

30 which bisect (IH) the angles I (60**) of which the poles are 

the 60 points a, 
30 which bisect (DH) the angles D (36**) of which the poles are 

the 60 points h. 

60 Trapezoidal (TI) of which the poles are the 120 points c. 
The two groups of bisecting circles constitute a total of 60 

principal circles of second order, whilst the 60 trapezoidal circles 

are called auxiliari/. 

M Elie de Beaumont has further shown how we may trace still 
other series, each comprising 60 auxiliary circles derived from 
the law of Pentagonal Symmetry, which are, however, subject to 
less strict conditions than the principal circles. 

Simmiarising the preceding observations, we find the risewu* 
includes essentially — 

* See Gonvptes rendAM de VAcaddmie, the following memoirs by M. Elie de 
Beaumont. T. LYII, 20 July 1863, Tdbleom dea donn4e8 mf/m4rxqvs8 qui fissent 
159 eercles du RSsea/u pentagonal. These are the 121 principal circles and 38 
auxiliary circles belonging to several different series of 60 circles. T. LViU, 15, 22, 
and 29, Feb. 1864. Taibleau dea donn^es nvflniriques qm fixent lea 362 pavnta 
prtndpaiM du BSseoAi pentagonal. 

See also Bulletvfi de la 8ociet6 gSologiqus de France, Ist April, 1875. 8ur U 
B4seau pentagonal pa^ M. B. de Ohanoonrtois (with a large plate) . 
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Principal circles 61 

Principal circles of second order . . , , 60 

Total , 121 

Principal points 122 

Principal points of second order . . . . 240 

Total 362 

Localization of the ^^riseau^^ on the surface of the Glohe. — ^M. Elie de 
Beaumont was led by studying the riseau to calculate a great 
number of angles formed by the mutual intersections of the 
circles, and the accumulation of angular values brought out 
more and more their tendency to group themselves around 
certain points of the quadrant, differing but little from those 
groups already formed by the provisional great circles of com- 
parison of the Mountain Systems of western Europe, established 
by observation.* The pentagonal symmetry might then very 
probably allow us to establish a correlation between the relative 
directions of the Mountain Systems, considered as forming a whole, 
of which the different parts successively produced are yet inti- 
mately connected together, f ** But a decisive step still remained 
to be done, it was to point out among the principal or auxiliary 
circles of the Pentagonal riseau^ that which belonged to each 
Mountain System. "J 

M. Elie de Beaumont adopted a somewhat mechanical course 
of procedure. He placed on a terrestrial globe 50 centimetres in 
diameter, a moveable network of silk thread, consisting of twenty- 
five meshes, each having IJie form of an eqvdlateral triangle, so 
that the sides of these triangles formed parts of 15 primitive 
great circles ; he then added portions of some of the principal 
circles, and also of some of the auxiliary circles. 

After repeated trials, he fixed the net in such a way that one 
point T coincided with Etna, the centre D of a pentagon fell 
near the middle of Germany, and the primitive great circle 
which passed through Etna, also passed through Mauna Koa, in 
the Sandwich Islands. 

* Progres de la Str., p. 54. f Ibid., p. 32. 

X See Prog, de la Strat. p. 58, and Compt. rend. T. xxxi. 9 Sep., 1850. 



Appendix J Note A. 117 

The following conditions accurately fix the position of the net; 
the centre D of the European pentagon is situated in 

Latitude . . 50° 46' 3"-08 N. 
Longitude.. 8° 53' 3r'-08 of Paris. 

At this point the orientation of the primitive circle passing 
through Etna is N 13° 9' 4r''03 W.* 

If we consider fig. 10 as representing the European pentagon, the 
point T'' being Etna, the point D is near Eemda in the middle 
of Germany ; and the point a^^, the rectangular intersection of a 
primitive by an octahedral great circle, is situated near the 
western extremity of Cornwall, f 

Eetuming then to his study of Mountain Systems M. Elie de 
Beaumont succeeded in finding for each System a great circle in 
the network which replaced the provisional great circle of com- 
parison deduced from observation, and which then became the 
great circle of comparison of the Mountain System. 

** The provisional great circle of comparison "J said he **has 
only been conceived as an abstract line, intended to represent ob- 
servation approximately. The great circles of the pentagonal 
network are other abstract lines which may conveniently replace 
the former, but the great circles of the network which are realized 
in geological phenomena are especially noteworthy, as they coin- 
cide with certain physical lines with remarkable precision." 

Stratigraphic Systems. — ** Mountain Systems are the funda- 
mental characteristics of the exterior configuration of the globe, 
and Stratigraphic Systems are the expression of its interior 
structure. "§ 

The Term " Stratigraphic System " has a meaning which is 
both general and special. It includes the great foldings of the 
earth's crust, mountain crests, upheavals, inclinations and plica- 
cations of the beds, and fractures of different kinds which have 
been produced at the same epoch under the influence of rectilinear 
movements acting in a direction parallel to the direction of a 
System, and this direction is fixed with geometrical precision by 

* Frog. d. I, Strat, p, 69, Compt. rend, t. xxxiii, Aug. 11, 1851, and Syat d, 
Mont. p. 1028. 

t See, for the exact position of the point a^^ the note to Table I in note P. 
X Prog. d. I. Strat.t pp. 493-4. 
§ Prog. d. I, StraU, p. 1. 
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a knowledge of the great circle of the network which represents 
the great circle of comparison of the System. 

We cannot better complete the sense which M. Elie de Beau- 
mont has attached to the epithet Stratigra^hic than by concluding 
this note with the definition which he has given of Stratigraphy 
in the beginning of his last work. 

** Stratigraphy is that part of geology which is occupied with the 
geometric description, and the graphic representative of mineral 
masses. These masses very often have the form of beds, (strata,) 
a word of which we have generalized the sense in the word 
stratigraphic. 

Stratigraphy includes aU that is susceptible of precise defini- 
tion in the forms and adjustment of the mineral masses of which 
the crust of the earth is composed. It is the sister of geography, 
and it contains the quintessence of topography. It includes the 
great orographic features which the most celebrated travellers 
have illustrated, and it extends to the extreme ramifications of 
the metalliferous deposits observable in mines by the aid of the 
lamp and the compass." 

Paris, April 21, 1877. L. Moissenet. 
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A resisting bed being broken at right angles, to calculate the bearing 
(x) and, the dip {Pnt) of thefractwe in terms of the inclination of 
the beds {%), and of the angle (a) contained between their direction 
and that of the System of Fractwre. 

IN accordance with the above enunciation^ we deal with a 
simple geometrical problem ; introducing into the f ormulfia 
certain numerical conditions of which the values are indicated 
and limited by natural phenomena, we derive useful results for 
the study of the direction and dip of the poor parts in the lodes 
(Fc) of Cornwall. 

1st. — We consider two superposed beds ; of which the upper 
is very hard, the lower of moderate hardness. In the latter, the 
fracture is vertically hypothesis; whilst in the former, the fissure 
deviates according to a plane which is normal to the bed. 

In fig. 1, plate VII, the vertical plane of projection cuts the 
strike of the beds at right angles ; A'(T is the trace and the pro- 
jection of the face of contact of the two beds ; G'A'E' the trace 
of two consecutive elements of the channelled fracture. 

Upon the horizontal plane, AB is the horizontal of the plane 
of the beds, which is projected vertically to the point A' ; AC is 
the direction of the System of Fracture. 

The specified conditions are i=(yA!Jy and a=BAC. 

The normal plane passes through AC, A'C ; its vertical trace 
is represented by the element A'E'. 

Taking an auxiliary plane BF, parallel to the vertical plane 
XY ; it cuts the normal plane in (Jjy, CD ; drawing through 
the horizontal of the normal plane A', it cuts the plane BF in D'. 
We then draw D'D, and join AD, when the angle BAD is equal to 
x^ and determines the orientation of the normal plane. 
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A horizontal section of the grooved fissure through the plane 
M'A'D', will give MAT), which is composed of two rectilinear 
elements : 

MA will have the same bearing as the System of Fracture. 

AD will deviate by an amount equal to the angle {x — a). 

Upon the auxiliary plane BF, we may draw, DH' parallel 
to AE' ; LDH' is the trace of the normal plane. We then 
draw LFH' perpendicular to the trace DL, and make the inter- 
sections foUow L'H'. The angle H'L'F=Pm is the dip of the 
normal plane. 

Let us calculate x and Vm, 

Taking AB=1, we have 

BC=tang a and BD=tang x. 

In the rectangular triangle AOD' : 

AD'=tang x and A(T=tang x cos ». 

In the rectangular triangle A'G'C, we have 

G'C'=tang a=AC' cos i 

and consequently 

tang a=tang x coaH 

and finally 

tang a 

(1) tang x=: — 

^ ^ cos^* 

The rectangular triangles HTD and HTL' equal HT : 

L'F tang Pw=DF cotang ♦ 

Now, in the rectangular triangle DLF, we have 

LF L'F 
DF= = 

cos X COS X 

removing the common factor in the preceding equations, we have 

cotang t 

(2) tang Pm= 

^ ^ cos X 

Squaring the term cos x to correspond with its value in (1), 
we have 

1 1 cosV 



C0S'iC= 



1 + tang'a? ^ tang'a cos** + tang^a 



cosV 



_ cosV COS** + tang'a 

tang'P«»= = 

sinV X cos'a: sinS* + cosV 
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from whence we derive 

, , ^ ^/cosS' + tang'a 
(3) tans: rm= :— s-- 5^ -- 

The formula (1) gives us the bearing of the normal plane 
referred to the plane of the beds ; (2) and (3) illustrate its dip 
below the horizon ; the two first may be calculated by logarithms. 
It is convenient to commence with the first calculation, because 
the determination of the tang x gives at once the logarithm of 
cos X for (2). 

It will be useful to know the angxilar value {x — a), i,e, the hori- 
zontal deviation which the fissure experienced in passing from one 
bed to the other ; the calculation of x by the formula (1) leads in 
the most simple manner to the difference [x — a). 

For every positive value of ♦, which is less than 90°, we see 
(1) that the deviation, which is nothing when a=0o is ag^ain 
nothing when a=90° ; it will be interesting to ascertain its 
maximum (iCj — 04). 

We first express {x — a) in terms of i and a. 

tga 

tga? — tga cosV sinVtga 

tg {x — a) = = = 

1 + tga?. tga tg'a COs'» + tg* a 



cosV 



or 




(4) arc (a^-a)= arc tang (J^J^\ 

\ cos'» + tg* a / 

or again 

(4a) (a;--a)=arc tang / cosv"^ * 

\ t^ "^ *^ 

To obtain the minimum of the denominator, I take 
tang ai=E; then 

cos'f , y 'Hfl ". 

+ «=y «'— yE X cos'f =0 «= - + |/ ii cos't 

« 2— V 4 

from whence, cancelling the radical by y=2 cos », we derive 

»=cos », or tang ai=cos % 
The maximum is then 

(6) (*,-«,)=arc tang i^^) 
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In table II, included in this note, I have calculated the 
values of a^ for inclinations of ID**, 20^ 30*», 40*», 45<>, and 50% 
when tang ai=cos i, and the maximum deviations deduced from 
formula (5). 

Eetuming to the dip P«», formulae ( 2 ) and (3), for every 

positive value of i which is less than 90**, it is evident either by 
the formulae or on inspection of the figures that Pm increases from 
90*»— » to 90«, whilst a varies from 0^ to 90**. 

In table H, attached to this note, I give for inclinations of 

10**, 20**, 30**, and 40**, the corresponding values of "Pm calculated 

cotan f 

by the formula (2) tang Pw= ; i.e. the respective slopes 

cos Xi 

of the normal planes of which the orientation x^ involves the 

maximum of horizontal deviation {x^ — 04). 

The complete mathematical discussion of the preceding formula 
is here unnecessary. 

2nd. — In most mining countries the strata are more or less 
inclined, but their inclination is very rarely greater than the 
mean dip of the lodes. 

In Cornwall, the mean values of ♦ are between 20** and 40**, 
whilst the east and west lodes dip about 70**, and the north and 
south cross-courses about 80**. 

Let us take for an example a case where ♦=30** and a varies 
from 0** to 90**. Admitting that the opening is vertical in the 
rocks of mediimi hardness, and that in the very hard strata it 
exactly follows a normal plane, it will belong to the F<? group 
of lodes, which dip contrary to the dip of the strata. 

When a=0** the flutings f cannelures) are horizontal, {x — a) is 
nothing and there is no deviation ; Pw=90** — »=60 ; the differ- 
ence (Pr — Pm) between the vertical (rich) parts and the inclined 
(poor) parts is 30**. 

When a varies from 0** to 40** 53' 30*'=o4, the flutings are in- 
clined ; {x — a) is sensible, and attains a maximum of 8** 13'; 
Vm is increased from 60** to 69** 18'. The projection of the flutings 
diminishes, and the difference (Pr — Pw) is reduced from 30*> 
to 20** 42'. 

When a increases from 04 to 90**, {x — a) falls from 8** 13' to 0*** 
and Pw increases from 69** 18' to 90**, the difference (Pr — Vm) 
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falls from 20** 42' to 0**, and the flutings disappear both in plan 
and section. We have thus passed by hypothesis from horizontal 
flutings parallel to the strata to a vertical plane which is per- 
pendicular to them. 

In Cornwall; the principal east and west lodes correspond in 
general to values of a comprised between 0^ and oi or there 
about ; in the good districts the bearing of the caunter lodes is 
near Oj ; finally in the cross-courses, whether barren or metal- 
liferous, a is generally between 70® and 90®. 

The preceding figures should only be regarded as indications. 
It must not be forgotten that the rich parts of the lodes which 
are enclosed in rocks of moderate hardness, and have proper 
bearings, are those most nearly vertical, but they are not exactly 
vertical ; on the other hand, the cross-courses although less chan- 
nelled and more nearly vertical than the lodes, are neither perfect 
planes nor exactly vertical. 

The geometric traces on the contrary allow us to take into 
account the mean inclinations of the lodes of both kinds (Fc and 
Fa). [See note C]. 

Let us again consider from a general point of view, the two 
extreme cases of strata almost horizontal, and of others strongly 
inclined. The first case is not frequent in Cornwall, but it is 
that of the lead-bearing Devonian schists to the south of Liskeard ; 
the second case is only exceptionally met with. 

1. — When the rocks are nearly horizontal, i being from 0° to 
about 10°, the distinction between the lodes Fc and Fa has no 
particular interest beyond that of the local phenomena connected 
with the direction of underlie of different lodes ; it is almost the 
same as regards the variations of a, for the conditions of the 
normal plane according to which the strata of greatest resistance 
will be (by hypothesis) broken, only vary within narrow limits. 
Thus, making f=10®. 

When a=. 0®, there is no deviation, and Pw=80° 00'. 
„ a=44° 34' ,, (a?!— ai)=0® 53', and Pw=82° 56'. 
„ a=90®, there is no deviation, and P»»=90** 00'. 

The rupture of beds of very great resistance, which are at the 
same time but little inclined, in planes normal to i^e bedding 
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results in an opening wMcli lias practically the same bearing as 
the System of Fracture, and "which is very nearly vertical. 

Fig. 5, plate 1, is a cross-section of one of the rich lodes of 
Alston Moor ; here the limestone and quartzose sandstone being 
beds of great resistance are broken almost at right angles to 
their bedding, whilst the soft shales form the oblique component 
of the mean dip. 

Instead of alternating strata presenting very great differences 
of quality, let us consider the case of beds of schists, some of 
which are of moderate hardness, and others soft, a being 
nearly 90*?. It is evident that the more resisting strata will be 
broken more nearly vertical than the others, and that the opening 
will have a *' proper bearing." 

2. — ^When the rocks are much inclined, i being from 50° to 70**, 
it is necessary to distinguish between the two sets of fissures "Fe 
and "Fa ; the allwes of the fissures vary greatly with the values 
of a. 

Let us examine briefly how the openings Fa are likely to be 
produced. 

If a is small, the different beds having but little adhesion may 
become to some extent separated one from another, so producing 
a flat intercalated lode {Jilon cotiehe) entirely or in great part com- 
prised between two beds which may be of a nature either identical 
or of different composition ; the phenomena of rupture are replaced 
by those of separation. When a is greater, the two modes of 
Assuring may appear alternately in the same fissure; great 
inflexions in direction then result, and the production of ex- 
tremely numerous branches. 

As a becomes still greater, there is sometimes produced a series 
of lenticular masses or rich columns obliquely attached to a thin 
vein of little value ; true contact deposits connected together by 
the fissure, the production of which depends upon the degree of 
facility with which the beds are separable one from another. 

As to the openings Fc ; if a is small, the inclination of the 
normal plane is about 90** — i. When a is from 20° to 40**, a 
circumstance unfavorable to the slipping of the region of the 
hanging wall, the flutings (cannelures) will have just such an 
amount of projection as is due to the physical qualities of the 
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different beds ; i,e, may present sufGLoient; but not exaggerated 
differences. 

As a becomes greater, Pw increases very rapidly ; the following 
figures will serve to shew the successive positions which the 
normal plane will assume. 



a=ZT 44'=(ai) ; (arj— ai)=24^ 32' 
a=50 .. . . X — a =20 53 
01=60 .. .. X — a =16 35 
a=70 .. .. a?— a =11 27 



the maximum deviation. 
Pm=68*> 40'. 
Pw=74 32 . 
Pw=79 57 . 



Considered as a whole, the fissure will tend to exhibit variations 
very considerable in direction, but moderate in underlie. 

It is beyond my purpose to follow up these general consider- 
ations, but I would here draw special attention to the fact that the 
phenomena of fracture, although produced by vertical forces^ 
become more complex in proportion as the rocks acted upon are 
more inclined. 

In Table I, I give numerical values to the positions of the 
normal plane, in eases where »=40°, 45°, 50*^, and 60 ^^ ; and 
where a=:50^, 60*^, or 70*^. These numbers may suggest useful 
approximations, but should only be applied with judgment. 

TABLE I. 

Bearing of the fracture(ai) which for each value of i corresponds 
to the greatest horizontal deviation ; value {x^ — aj) of this maxi- 
mum deviation, the rocks being fractured in planes normal to the 
bedding. 



Inclination 
of the beds 


Bearing (ai) accord- 
ing to the lormula 
tg. ai =co8 i. 


Deviation (aji— ai) 
by formula (5). 


Obsenration. 


lO*' 
20« 
30«> 
40*^ 
50'^ 
60<> 


\Ar 33' 40" 
43 13 10 
40 53 30 
37 27 10 
35 15 50 
32 43 50 


0^ 52' 40" 

3 33 40 

8 12 50 

15 5 30 

19 28 10 

24 32 00 


The values of ai and 
(a?i — Qi) are calcu- 
lated within 10". 
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TABLE n. 

Underlie of the normal plane which corresponds with a mairiTnum 
of horizontal deviation. 



Indinatioii 



10* 
20 
30 
40 



Bearing (an) obtained 

by addixig ai to 
(»i— ai)inTableI. 



450 26' 20^ 

46 46 50 

40 6 20 

52 82 40 



Dip or Underlie by 
the formnla (2) 
ootgi 
tangPm=-- 



CO! 9 



82* 56^ 20^ 

75 58 20 

69 17 40 

62 57 50 



Exoeu of Pmorer 
90**— i. 



2*> 56' 20* 

5 58 20 

9 17 40 

12 57 50 



TABLE in. 

Bearing, deyiation, and underlie of the normal plane in much 
inclined strata, when the strike forms angles of 50^, 60^, or 
70*^ with the System of Fracture. 



• 

1 


a. 


m 
by formula (1) 
tang a 


Deriation 

(0~a) of the 

horizontal of 

the normal 

plane. 


Dip Pm of the 

normal plane 

by formula (2) 

ootgt 

tangPm= 

COI« 


, Excess of Fm 
over90»— ♦. 


A 


tang »=- 


1 


4/^ 


W 1 
70® 


• eS** 47' 0^ 
71 17 
. 77 55 


13" 47' 0* 

11 17 

7 55 


e9«89' 40* 
74 55 50 
77 31 50 


19** 39' 40* 
24 55 50 
27 31 50 


45 


500 
60<» - 
70*' 


^ 67 14 20 

73 32 30 

. 79 41 10 


17 14 20 

18 32 30 
9 41 10 


68 51 
74 10 50 
79 50 50 


23 51 
29 10 50 
84 50 50 


50*^ 


50« 
60*» - 
70« 


' 70 52 40 

76 85 

^ 81 27 


20 52 40 
16 35 
11 27 


68 40 30 
74 82 30 
79 57 40 


28 40 30 
84 32 30 
39 57 40 


(K)o 


509 
60<^ ^ 
1(fi 1 


' 78 9 10 

81 47 10 

L 84 48 


28 9 10 
21 47 10 
14 48 


70 25 30 
76 6 
81 4 40 


40 25 80 
46 6 
51 4 40 
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NOTE 0. 
Description of the Diagrams of Lodes "Fc and "Fa, Plates IV ^ V, 

PLATES IV and V contain diagrams of two fissures in the same 
country rocks, both of which are due to the same system of 
fracture, although one is inclined in the same direction as the 
strata, and the other in an opposite direction. 

The beds are supposed to be alternately good and bad, and of 
equal thickness ; their inclination {%) is 40** 

The system of fracture makes an angle (a) of 32^ with the 
strike of the beds.* 

Lode Foy Fig. 3, Plate IV. The horizontal plane is parallel 
to the direction of the beds, and the vertical plane is at right 
angles to that direction. 

A'/?y is the junction of two beds, the lower one being of (good) 
moderate hardness, and the upper too hard, and therefore bad. 
The upper bed is ruptured at right angles to the bedding, but 
the lower one in a plane p co whose bearing is that of the system 
of fracture, and inclined 82® to the horizon. Of the two faces 
of the flutings {cannelure), therefore, the most upright will make 
an angle of 32*^ (a) with the bearing of the System of fracture, 
and its dip (Pr) will be 82o, while the flatter face will be at right 
angles to the bed, and its slope will be (Pwii) 50°,or complementary 
4o {i). 

I draw (0 /)' so that the plane ptap dips 82o ; Yw/)' then gives 
the apparent dip Pri=80o of the more upright element of the 
lode, as drawn in cross-section. 

The straight line A'/? A8 is the intersection of the planes y/?A' 
and ptap* ; it is this which, with the normal A'E' AE defines the 
normal plane. 

* The values of a and i adopted above, though rather greater than the 
averages observed in Cornwall, are convenient for shewing clearly by the 
diagrams the changes of underlie and of bearing observable in the actual 
workings. From the arrows on the Plates, the " strike " is supposed to coincide 
with the system of Westmoreland, E 40° \ N ; and the system of fracture is 
that of the Land's End, E 8' i N— the difference a being 82°. 
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I draw through A' the vertical trace v A'B, making A'BY=50® 
=Pwi ; I then join 8 B and produce it to fi. The normal plane 
fiHv then makes with the horizontal plane an angle Pm=58** 
and finally its horizontal trace makes with the strike of the beds 
an angle a'=42i''. 

The deviation in the levels in passing from the g^od bed to the 
bad is (oi — a)=:10J'' ; and in cross-section the inflexion is given 
by (Pr— Pm)=24°. 

Zode Fa, Fig, 4, Plate IV. The faces of the cannelures make 
the same angles as those already given for the lode "Fc, 
only the respective inclinations are reversed. We take, there- 
fore, once more Pr^82° and Pm=58°, and consequently 
(Pr — ^Pw)=24°. I then draw p<ap\ and through the straight 
line A'P A8 I draw fiBv dipping 58**. Its vertical trace Av' 
then completes with A'<a the two elements of the apparent pro- 
file. I then make vBX=Pwi=57'' ; then Pri=80o and 04=19*^,* 
from which we have the deviation {a — ai)=13''. 

Figures 5 and 6 are vertical and horizontal sections, the object 
of which is the determination of the mean plane of the lode, 
i.e. its mean direction and its mean dip. 

In Fig. 5, a section through AB, Fig. 6, the beds are cut 
through normally, and the apparent profiles of F^ and "Fa are 
drawn according to the values of Prj and P% adopted in Figs. 
3 and 4. 

The section Fig. 6, through A'B' Fig. 5, shews two levels — ^the 
respective ** elements" of which follow the System of fracture 
in the good beds, and deviate in the bad ones 10^^ for the lode 
Fe and 13^ for Fa. 

The two straight lines drawn respectively through the sum- 
mits of these broken lines are the horizontals of the two mean 
planes ; the analagous lines in the vertical section Fig. 5, give 
the mean apparent dips Pj. Finally, the constructions of Fig. 7 
give the true dips of the mean planes. 

The principal conditions and results are given below : — 

Common Conditions for the two Lodes Fc, Fa. 
^ ^ _ ^ 

EocKS. Lodes. 

Beds of equal thickness. Equality of (Pr — Vm). 

i=40o a=32o 



* Erratrim : Fig. 4, Fl. iv, for 42^0 read 19o. 
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-p i The steeper faces of the cannelures dip (Pr) 82** 
^ ( The flatter faces are normal to the strata — ^hence Pm=58o 

-p ( Pr and Pw have the same value, but the dip is in reverse 
^ ( directions. 

Besnlts. 

Xat, — Relative hearing s, or angles formed mth the direction of the 

strata. 

Level on Fc Level on Fa 
Eich part a=32^ 0=32** 

Poor part a'=:42i«> a' =19° 

Mean direction 37° 24° 

From which we deduce : — 

Beal deviation observed in passing ) F<? Fa 

from good to bad beds ) 10^*^ 13 

Apparent deviation of the mean direction 

of the lode from the bearing of the Sys- } 5° 8° 

temof Fracture 



o 



2ndi,— Mean Dip fPJ IV 66^^ 

Srd.— Value of {Fr—Fm) 24*" 24^ 

The mean directions of the lodes include an angle of 6° + 8° 
= 13° ; their junction dips in the same direction as the strata. 
The bisectrix of this angle of 13° differs only ^^=1J° from 
the bearing of the System of fracture ; it makes an ang^e of 
30J° with the strike of the beds. 

Plate V gives for each of these two lodes, in Figs. 1 and 5, 
the plans or geometric representations of the necessary conditions 
for constructing the diagrams. Figs. 2 and 6 are cross-sections 
through a vertical plane, perpendicular to the mean plane of the 
lode. Figs. 3 and 7 are vertical projections of the lode, on a 
plane parallel to the mean direction. Figs. 4 and 8 are plans of 
a series of levels 10 fathoms apart. It will suffice to describe 
with some detail Figs. 1 to 4, relating to "Fc, and to indicate 
the differences observable in Fa. 

Diagrams of ¥c Fig. 1. — The median plane of the lode 
coincides with the horizontal line XY ; its trace upon a second 
vertical plane ZV is AFc, making with ZV the angle VAF<?=71*'; 
SA is the horizontal trace of the plane of contact of two 
beds ; then SAX=37°. Thai plane makes an angle f=40° with 
the horizontal plane ; I then determine the vertical trace AT of its 
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intersection by the plane Che making 3^=40°, erecting the per- 
pendicular/ on C, and producing ACT. 

The auxiliary plane CB parallel to ZY, gives upon this latter 
the projection Bg Cg of its intersection by the plane of the beds ; 
a.2 is the point of intersection of this latter plane by the median 
plane of the lode. I bring round a^ by the dotted lines to a', 
project it to a and join Aa' V and Aal ; these lines are the pro- 
jections of the intersection of the plane of the beds by the 
median plane of the lode. Bringing down AI upon the vertical 
plane, I take A^'^'E which gives the angle XAE as the inclination 
of the metalliferous zones {shoots) beneath the horizon. 

The diagram is completed by representing upon the horizontal 
plane, the traces of two consecutive beds of equal thickness, e^, 
ffhf and indicating upon ZV the section of their beds by BC. 

In Fig. 2, the horizontal traces of the planes of fracture of the 
good and bad beds make with XY of fig. 1 angles of only 5^ 
and 5J°, the intersection of these planes by the plane BC per- 
pendicular to XY gives for them lines whose inclinations 
dijfiPer very little from the maxima Pr and Pw. 

The profile may then be constructed with sufficient accuracy 
by reproducing in this figure the section of the beds projected 
upon ZY in fig. 1, making the line of the greatest slope of the 
mean plane of the lode=7r=P, and then tracing the elements 
of the broken line, so that they differ little from the values 
P/'=82° and P»e=58°. 

Fig. 3 shews the inclined cannelures of the fracture ; their in- 
clination is given by the angle XAI' fig. 1 , and the separation 
of the ridges by the vertical projection of the profile fig. 2. The 
zones opened in the good beds are indicated by the letters AA — 
BB, &c. The equidistant horizontal lines are levels supposed to 
be driven in the lode. In this fig. the foot-wall is supposed to 
have been removed, the hanging wall facing the spectator. 

In Fig. 4, the rich columns or shoots AA, BB, &c., are drawn 
parallel to AI fig. 1 ; the elements of the broken lines in the 
shoots make angles of 5° with the mean direction XY, and in the 
poor paiis angles of 5J° on the other side, corresponding to a 
total deviation of 10^°. 

In this diagram the elements are evidently identical, their 
separation is derived from the combined projections given in 
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figs. 2 and 3. In this figure the hanging wall is supposed to be 
removed. 

Diagrams ofEa, — ^In fig. 5, XAFdP is the mean plane of the lode 
where ZAF«=66i« ; SAT is a plan of the beds SAX=24^, and 
f=40^ ; the construction of AI, AI', and AR is as in fig. 1. 

Fig. 6 is constructed from the plan ZY fig. 5 ; the specified 
conditions being P=66i% Pr=82°, and Pw=58°. 

In fig. 7, the hanging wall is supposed to be removed so that 
the fissure recedes from the observer ; the columns AA, BB, &c. 
are inclined as at AI' fig. 5. 

In fig. 8, the rich columns or shoots AA, &c., have the same 
bearing as AI in fig. 5 ; the elements of the levels make in the 
shoots, angles of 8° on one side of the mean direction, and those 
of the bad parts, angles of 5° on the other side, giving a total 
deviation of 13°. In this diagram also the hanging wall is 
supposed to be removed. 

Comparing the essential numbers which result from figs. 1 and 
5, we have 

Angular Values. Lode Fe. Lode Fa. 

Specified (Mean Plane (bearing SAX 57o 24° 

conditions | J^^a^^ ^^ane . ^p^^ ^^ ^^ 

rn x* f Apparent inclination of 

Cross-section. | the country reduced to 34 37 

' Inclination XAI' (in 

vertical projection) . . 23 26^ 
Results . . Shoots - Bearing XAI (in hori- 
zontal projection) .. 8 J 11^ 
Dip XAR (true) .... 22^ 26 

The following useful numerical results may be deduced from 
approximate measurements of the figures. 

For each 100 fathoms of level driven in a rich part, there 
would be in hard rock, and in a poor part of the lode about 78 
fathoms to drive in a lode Fc, and 170 fathoms in a lode F«. 

Out of each 100 fathoms of inclined shaft or winze, sunk on 

the course of the lode, and at right angles to the mean plane, 

there would be 

F<T. F«. 

fathoms sunk in rich parts. . 51'0 32'6 

„ „ poor parts. . 47*5 69-0 

Total 101-5 101-5 
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For an equal depth, sunk, and an equal extent of drivage, 
there would be for each 1,000 superficial fathoms opened in bad 
beds about 1,136 fathoms laid open in good beds in a lode Fc, 
and only 407 fathoms in a lode Fa. A comparison of these two 
latter numbers shews that for an equal development of workings, 
both in depth and length, the surface of the rich parts in a lode 
F^ would be, in the case illustrated by the diagrams, much more 
than double that of the rich parts of a lode "Fa, 
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NOTE D. 

On the numerical conditions of the eleven Ancient Systems in Corn- 
wallf and on the values of the Angula/r Deviations which a/re likely 
to he met with in following the poor tones of the lodes, 

THE table of the first nineteen Systems of Mountains repre- 
sented by the corresponding great circles of the Net-work 
of Elie de Beaumont, transported to the point a^^ in the neigh- 
bourhood of the Land's End, has been already published.* ^e 
bearing of each System is there calculated to the hundreth of a 
second. I reproduce the table here, taking the nearest minutes. 
In the third column I have supplied the perpendiculars (see 
Table 1 to note D). 

The eleven ancient Systems have predominated in the forma- 
tion of the rocks and lodes of Cornwall. In studying their 
influence, it is important to keep before us the angles formed by 
these Systems taken in pairs. It will suffice to calculate the 
acute angles so included; the position of this angle upon the 
complete circle may then be indicated by a single number, viz. : 
the bearing of the bisectrix. It is then easy to determine the 
obtuse supplementary angle, and the bearing of its bisectrix, 
which is perpendicular to the first. 

The eleven ancient Systems thus considered, yield 132 distinct 
bearings of more or less importance as under. 

Systems 11 

Perpendiculars to the Systems 11 

Bisectrices of the acute angles . . ^1 * ^® 55 
Perpendiculars to these = bisectrices of 
the obtuse angles 55 

Total 132 

The following observations will shew the use of these calcula- 
tions. 

With regard to upheavals of the stratified rocks, the System 
concerned in first raising the strata impressed its direction very 

* Oomptes rendua, LY, p. 759, 17 Not., 1862, and Annalea dea Mines, 6th 
■ones, vol. HE, p. 161 ; 1868. 
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strongly, not only by determining the strike of the beds, but 
also by giving rise to a great number of joints, fissures, and 
openings ; and, simultaneously, the perpencQcular to the System 
was marked by the production of transverse joints and fissures. 

These are the direct effects of the E^stem. They occur more 
especially in sedimentary formations, and in a well-formed rock 
they generally exist in spite of the complications which result 
from analagous phenomena which have occurred previously 
in the underlying rocks, and from the fractures due to more 
recent Systems. 

But in the very anceint rocks of the west of OomwalL, after 
the first raising of the schists, many other upheavals took place 
having different bearings, and these have masked, if they have not 
effaced the direct effects of the more ancient System. Then, 
when the ground had been fissured and fractured in different 
directions, the later Systems in many cases reopened the fissures 
already formed, so that they are only indicated by a very .small 
number of fissures, having their own proper bearing. Their 
effects were especially relative. This utilization of the fissures 
and openings previously formed resulted from the distribution 
of the new forces taking place symmetrically into them. A 
consideration of the two groups of bisectrices enables ub to 
understand this order of phenomena, which, although doubtless 
of secondary importance in many mining districts, has largely 
contributed to the riches as well as the complexity of a great 
number of deposits in OomwaU. 

Table 11 of this note gives these angles in two successive 
columns, entitled East and West Systems, and North and South 
Systems respectively. The first results from a calculation of the 
angles included between the six East and West Systems, Finis- 
t^re, Morbihan, Westmoreland, Land's End, Ballons, and Pays 
Bas, taken in pairs, each system being considered successively 
with aU the anterior systems. In designating each angle, the 
first name in the third column, is that of an East and West Sys- 
tem, while the second may be either East and West, or North and 
South ; it is evident, however, that the smallest angles must be 
comprised between two East and West Systems. 

The second column is formed in an analagous manner, by 
taking for points of departure the North and South Systems 
(Vendee, Longmynd, Forez, North of England, (for which we 
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have substituted here the octahodric of Mulehacen) — andEhine. 
The angles aro ranged iu order of magnitude, they form in 
the two columns four natural groups, whose limits are 0^ to 20**, 
20^ to 50^, 50^ to 70^, and 70^ to 90«, there being gaps of from 
6** to 11® between each group. 

In the third table, I give by way of example an application of 

the formula x= ^?S_* (See Note B). I have chosen a case where 

cos' t 

the strata have the bearing of the System of Finist^re E 21° 46' N 

(or nearly E.W magnetic), a dip of 30°, and are fissured by the 

five other E.W Systems. The fissure by our hypothesis is contained 

in one kind of ** country," dips contrary to the dip of the rocks, 

and cuts through the bad beds in a normal plane to their bedding. 

In horizontal projection the deviating element of a level will be 

indicated by the horizontal of this normal plane. According to the 

expressions already adopted, we have 

a=Angle between Finist^re and each System of upheaval. 

:r= Angle between Finist^re and the horizontal of the normal 
plane. 

X — a:=The angular deviation observable in the level in passing 
from a rich to a poor part of the lode. The turn or warp is in 
no way abnormal unless it sensibly exceeds the amount indicated 
in the third colimin ; the inclination t continues to be taken at 
30**, and the bad beds are supposed to be very hard. 

If the observer has determined the strike and dip of the en- 
closing rock, and the proper bearing of the lode F<?, i.e. that of 
its normal rich parts, he possesses the elements a and e, and may 
calculate the maximum deviation x — a, possible in that particular 
case. Even before a is known, an observation of the inclination 
i will give him an indication of the absolute maximum x^ — 04 
which is inserted in table I, note B. In the example before us 
where t=30° the value of a?i— ai=8° 12' 50". 

In the fourth table I have set down the calculated orientations of 
the lode To referred to in the preceding table, and added those of 
the deviations obtained geometrically in considering each system 
successively as the cause of an upheaval of a rock which has 
been fractured by East and West Systems of later periods. 
The value of * is still taken at 30°. The column of the devia- 
tions of "Fa has been filled up by merely supposing the deviations 
to be equal to those of the lode "Fo, but in a contrary direction. 
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hence the opposite dips of the poor parts are taken as having the 
same absolT:^te value. 

The last column, under the heading of included angles, con- 
tains the double of the deviation. 

The results given in tables IH and IV are exact for the 
openings Ye^ and are based upon the values of i and a which 
define the normal plane. 

If, in addition to these specified conditions, the observer knows 
the dips Vr and Pm of the lodes Fc and ^a in both good and 
bad beds, he can then make use of the mode of geometric pro- 
jection developed in note 0. 

I will now define the assistance which is rendered by these 
calculations, or by the traces of the deviations. 

In cases where the constancy of the qualities and surroundings 
of the beds conduces to regularity in the phenomena of fracture, 
and to precision of observations, the results of calculations, and 
of geometric construction are often exactly realized in practice. 

But, more often, the variations of the natural conditions only 
allow us to obtain from geometry a knowledge of the direction, 
and the probable extent of the deviations ; but even this know- 
ledge may be very useful. 

The lode, or that " element " of the lode which is under obser- 
vation, is attributable to a System of Fracture; when the miner is 
following a level, he may expect to follow the direction of the 
System in the normal rich parts (or parts of ** proper bearing"), 
and he may equally expect to leave that direction when he enters 
a part where the lode is poor and thin; this normal sterility 
corresponds to a somewhat regidar deviation, which it is very 
interesting to know. 

If he were not to take account of the good and bad directions in 
each lode, the miner would be constantly liable to fall into great 
confusion, and to see sometimes a series of Systems in the natural 
effects of only one, at others only one in the combined natural 
effects of several distinct Systems. Such errors would be 
still greater than those which result at the present time from 
the use of mean directions. 

The diagram fig. 2, plate Vii, shews certain coincidences which 
are merely appa/rent in the direction of the deviations from 
certain Systems. It includes, in three columns, intitled Land's 
End, Ballons, and Pays Bas respectively, certain horizontal lines 
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placed according to the values taken from the fourth table in this 
note. Each column is subdivided for the openings "Fo and "Fa, 
and to the right of each is inserted the initial of the System of 
upheaval of the enclosing rocks. 

An examination of this diagram shews that the angle of 26** 
46' made by the Systems Finistere and Ballons, includes the 
bearings of Pays Bas and Land's End, but the deviations 
(taken from table lY, where i is only 30^) of Pays Bas overlap 
the bearings of Finistere and Land's End; and those of Land's End 
overlap the Pays Bas System, and some of the deviations from 
that of Ballons. The coincidences might be rendered still more 
evident by comparing the deviations produced in rocks of different 
inclinations. 

If we return to a case of equal inclination, and consider 
fissures in stratified rocks caused by only one System, the con- 
fusion is much lessened, and it disappears altogether when we 
take into account the direction of the dip of the openings "Fc and 
Fa, For example, 

1. In a stratified rock upheaved by the System Finistere, the 
deviation from the Land's End, may amount to E 12^° N; that 
from Pays Bas may be as little as E 13° N, birt the first belongs 
to an opening Fa^ the second to an opening Fc, 

2. In a rock upheaved by the System of Morbihan, the diver- 
gence from Land's End may be as little as E OJ*^ N, and that of 
Ballons may be E 2 J ** N. There may be a coincidence of bearing 
or even an overlapping, but here also the underlies are opposed. 

The preceding details may serve as a caution against observa- 
tions, which are well made, but badly interpreted ; they shew 
how important it is to the miner to determine the "proper 
bearing; " i.e. the characteristic element of all the fisswres formed hy 
one System^ the true guide through the varied conditions of the 
openings caused by the modifications to which the enclosing 
rocks have been subjected, not only in different districts, but often 
even within the limits of one ** sett." 

A knowledge of the stratigraphy of the ancient Silurian and 
Devonian schists of Cornwall is therefore indispensible to a 
study of the directions taken by the different lodes in the 
different districts of the county, and conduces to an appreciation 
of the details of construction of each lode. 
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1. — ^Table of the nineteen most ancient mountain systems, 'rriih 
their perpendioularH, transferred to the point a". * 





BBiBINOB AT 


TBS POINT a" 




Ststehb. 


PERPBNDICULABa. 


Vend& 


rr. 26= 13' W. 


E. M-- 13' N. 




B. 31 le N. 




SSffif: ::; 


N. 20 15 E. 


w. ao 15 N. 


W.3fl 13 N. 


N. 36 13 K 




E. W 34 F. 


N, 40 34 W. 




E, 8 23 N. 


N. 8 23 W. 




W. 5 ON. 


N. 5 E. 


Porei 


N. 23 22 W. 


E. 23 B2 N. 


NoridorAEgleteire 


N. 8 7 W. 


E. 8 7 N. 


Pbvb-Bw 

Ehln 






K. 10 26 E. 






■W.2e 57 N. 


N. as 57 E. 




N. 28 6 E. 


W. 28 6 N. 














PjTia^ 


W. II 15 N. 


N. 11 15 E. 








nede Wight 


B. U iB N. 


N. 14 18 W, 


Vereors 


N. 1 40 W. 


E. 1 40 N. 


OotaidriquedaMulcheoen 







II. — Tables of the angles included by the eleven ancient ayatems 
at the point a". 



Geoww. 


Anoli. 


TSiMtS. 


Braiorfitz. 


1 

6 


fr<>m0"to20' 
m. P 24' 


6= 32' 
6 51 
13 2S 
13 33 

18 38 

19 65 


BABI ft WBBT STSTBIfa 

FBra-Bw-Lu>d'B Eod 
Pays-Ba*— Finutire ... 

Bnlloni-Land'B End ... 

WesimoreUnd-KmrtSra 
P>7e-BM— BaUonB 


B. 11" 38- N. 
E. 16 39 N. 
E. 15 5 N. 
E. 1 41 W. 
E. 31 6 N. 
B. 4 57 N. 







tnde 50" 25' 46" 67 N. 
Loi^tade 5° W 53" 75 W. of Qreenwich. 
T hB mtnatioti of point a" in Uie Enropeui pentagon is Kiven in fip. 10, Plate 
Vm i it is determined bj the rectaiunlar intenection of two principal circles, 
whioh H. Elie de Bewomont hee nuned the Primitire of the lAnd'B Eiid, and the 
OetahedrsI of Hulebaoea. 

The bearii^ of the primitiTe of Uie Land's End at a" is E 8° 23' 9'. B5 N- 

The point a>' is a little N. and W. of the Longshipi Lighthanee, the lengths of 

I perpendicolus dropped from this lighthouse apon the tvo great oiroies are 



the perpendicolan drc^iped from this lighthouse apon the two great oiroies are 
reemotiTelj M follows I— From the lighthonBe northward, to the primitive c' ' 
40-710 matrea ; from Oe lighllionie weitwwd, to tOie octahedral circle 766 m 
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% 


Qbodpi. 


Anau. 


Num. 


BiBwrrsix. 


1 


BAST k WEST BTSTBHS. 






f as s 


BrUoub— Finirtirs 


E. 37 89 N. 






26 46 


E. 8 23 N. 






27 34 


MorbihftB—TendiB 


N. 40 W. 






39 21 








from30Ho50= 




myna 


N. 34 56 E. 






31 13 


I*Dd'B!End-We«tiiiore. 

• land 


W.20 36 N. 
E. 24 33 N. 






41 36 


Luid'BEDd-Morbiban 


W.13 55 N. 




difl. V 34- 


45 24 




E. 17 42 N. 




( 51 8 


Paya-BM— Morbitsn ... 


W.IO 39 N. 




5i 50 




E. 42 20 N. 




from50to7»'< ^^ ^\ 


Morbihaii-pinI.ar8 ... 


W. 7 13 K. 




) 58 47 


BaUons— Vendue 


W.34 23 W. 




/ 61 22 
di«10°18' ( 




B. 39 4 N. 






■ 73 10 


Land's End— T«;d«a ... 


W.37 42 N. 






74 2 




N. 16 46 W. 






74 *5 

75 40 




B. 32 22 N. 
N. 11 41 E. 




fn>m7irta»0° 


76 37 
79 43 


Weatmordand-Horbihan 
Para-Baa— Vendue 


E. 2 6 N. 
W.34 86 N. 






81 33 


PajB-BM-Forei 


W.2S 41 N. 






83 38 


Pafi-Bw— Nord An^e- 


N:83 21 E. 






85 33 


Finutire-^T^Mte 'Z ".'.. 


W.21 N. 




HOBTB ft BOUTH STSIBIU 






2° 51- Fore.— Tsnd^fl 


N. TAP 47 W. 




9 40 


Hhin— Longmynd 


N. 15 20 E. 




btmViia'^l 1* ^ 


Nord AngletCTre— Forei 


N. 15 62 W. 




^^^1 17 50 


Nord AngleteiTO-Vendfia 


N. 17 IS W. 




IS 4S 


Ehin-KordAnglaterre 


N. 1 IE. 




diff.ff'48- 








r as 38 


Nord Anglaterre— Long. 










mynd 


N. 6 56 E. 






30 25 


Forez-MorbUian 


N. 38 34 W. 






33 47 


Ehin— Forez 


N. 6 28 W. 






36 39 


Hhin— VandSe 


N. 7 58 W. 




boma»>to50° 


39 10 




N. 30 IE. 






43 37 
45 24 


Forei — Locgniyiid 

ban 


N. 1 33 W. 
N. 31 5 W. 






46 29 


Lougmrnd— Tand«e .. 


N. 3 W. 






47 6» 


Longmynd-FuiiaMre .. 


E. 4B 4S K. 




difl. 9° W 
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Table II. Continued. 



Gsoups. 



Anglk. 



Names. 



BisEcrsix. 



u 

9 



from 50° to 70°. 



diff.e°32' 



from 70° to ©0° 



57 


48 


57 


59 


61 


88 


64 


13 


64 


89 


71 


11 


72 


58 


75 


1 


76 


87 


76 
84 


37 
84 



VORTH ft SOTJTH S78TE1CS. 

Bbin — Finistdre 

Nord Angleterre— West- 
moreland ... 
Forez — Ballons 
Bhin — Morbihan 
Bhin — Pays-Bas ... 



• • • • • • 



••» ••• ••• 



• •• • a 



• ■ • •• • 



• • • • • • 



88 24 
90 



Bhin— Land's End 
Forez — ^Westmoreland ... 

Forez — ^Land's End 

Nord Angleterre— Finis- 

t^e 

Nord Angleterre-Ballons 
BMn — ^Bfulons 
Forez— Finist^ 



• •• •• • 



N. 39 20 E. 

N. 20 36 E. 
W.35 49 N. 
N. 21 40 W. 
N. 42 45 E. 



E. 43 58 N. 
N. 13 7 E. 
W.27 7 N. 

N. 29 55 E. 

W.43 18 N. 

E. 37 17 N. 

W.22 26 N. 



Nord Angleterre— Land's f N. 36 37 E. 
End... llW.36 87 N. 



8 



m. — Table of the deviations from the five East and West 
Systems of Morbihan, "Westmoreland, Land's End, Ballons, and 
Pays-Bas, with their bearings, which appear as fissures "Fc follow- 
ing normal planes in the bad beds of a formation, the strike of 
which is that of Finist^re, and the dip 30<>. This table is calcu- 
lated by the formula tg a?=— j? [Note B]. 



FlNISTBks AT THE PoiNT O^, E. 21* 46' N. 



System of 
f&actxibs. 



Morbihan 
Westmoreland 
Land's End ... 
Ballons 
Pays-Bas 



• • • • • • 



Angle a 



57° 

18 

13 

26 

6 



59' 
88 
23 
46 
32 



Angles 



64'62'30'' 

241210 

17 36 „ 

33 55 20 

840 50 






BBA&nra. 



Good Bbds. 



6°53 30" 
5 3410 
413 „ 
7 920 
2 850 



W. 36° 13' N. 
E. 40 24 N. 
E. 8 23 N. 
W. 5 „ N. 
E. 14 55 N. 



Bad Bbds. 



w. 4ape'9on!f, 

E. 45 58 10 N. 
E. 4 10 „ N. 
W.12 9 20N. 
E. 12 46 10 N. 



N.B.— The mazimmn of deyiation when t ^=80 will be x^^a^*s=8'* 13' 50". It cor- 
responds to ai"=40° 58' 80^. 
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IV. — Table of approximate deviations wliich tlie fissures may 

acquire in strata whose dip is 30**. 



SystemB of 

Stratification 

of the rocks. 



Finistdre 
E. 21° 46' N. 



Morbihan 
W. 36° 13' N. 



Westmoreland 
B. 4ff> 24' N. 



Land's End 
E. 8® 23' N. 



Ballons 
W. 5<> N. 



Srstems of 
fracture. 



Morbihan 
Westmoreland 
Land's End... 
Ballons 
Pays-Bas 



• • • •• 



Westmoreland 
Land's End... 
Ballons 



Bearings of the levels in the bad beds. 



Fissures Fc. 



W.43^ 6'N. 
E. 45 58 N. 
E. 4 10 N. 
W. 12 
£. 12 



10 N.* >| 

9 N. I 

46 N.J o 



I 



E. 43° 1/2 N. 1 
E. 16 1/2 N. 

E. 2 1/2 N. 



Pays-Bas ... E. 22 „ N. 



Land's End... 

Ballons 

Pays-Bas ... 



Ballons 

Pays-Bas ... 



E. lo „ N. 
W. 13 „ N. . 
B. 8 „ N. ' 



W. 9« „ N. 
E. 17 „ N. 



Pays-Bas ... 



B. 21° „ N. J 



Fissures Fa. 



W. 29«» 20* N. 
E. 34 50 N. 
£. 12 36 N. 
E. 2 9 N. 
E. 17 4 N. 



E. 37« 1/2 N. 
E. 1/2 N. 
W.12 1/2 N. 
E. 8 „ N. 



B. 16° „ N. 



E. 3 



If 



N. 



E. 22 „ N. 



W. 1«» „ N. 

E. 13 „ N. 



B. 9» „ N. 



Induded 
Angles. 



1»>46' 
11 8 

8 26 
14 18 

4 18 



16 " 



15 „ 

16 „ 
14 „ 



f" 



» 



12° „ 



N.6.— The relative values of the openings Fe have been determined by calcula- 
tion or from the oonstraotion deeoribed in Note 6 ; the openings Fa are supposed 
to be symmetrical with Fc as referred to the System of Fracture. 
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NOTE E. 

On taking notes of hearings and directions^ and on the use of a compass 
gradtMted in octants. 

THE engineer who wishes to apply the idea of Stratigraphic 
Systems to the study of lodes is led to multiply obser- 
vations of directions ; it is therefore important to choose the 
most simple and appropriate mode of reading and noting the 
angles observed, and especially as regards the constant use of a 
compass in subterranean workings. In such matters every mode 
is good which is easily managed ; my aim in describing here that 
which I have long adopted, is only to facilitate the making of 
such observations by those who have not been in the habit of 
doing so. 

The ordinary compass is graduated from 0** to 360**, proceeding 
from the N. point, and the points of the magnetised needle in- 
dicate two numbers simultaneously. These angular values, 
which difPer from each other by 180°, both define the bearing of 
the part under observation, and characterize the direction in 
which one is looking ; i,e, the numbers indicate respectively the 
two opposite directions which would be followed in following the 
bearing. 

For example, if the N. {him) point of the needle indicates 253° 
(the S. [white'] indicating 73°), we say that the direction is 
E 17«> S, but when the N. point gives 73° we call it W. 17° N. 

This graduation, which is so simple and suitable for aU geo- 
metrical operations, therefore presents grave inconveniences and 
a double nomenclature when applied to bearings. 

The difficuliy may be obviated if we are content to measure 
the angles upon the haK-circle from the right. Many authors 
have adopted this mode of computation, which facilitates a 
prompt appreciation and calculation of angular differences. 
Eeading 253° from the N. (blue) point, they note N. 107^ E., 
or simply 107°. But, although this number 107° suffices to 
characterise the bearing, it leaves the directioji undetermined. 
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To specify this also, we must either say N. 107** E. ; or, 8. 

107^ W. 

Now the direction followed only makes with an east and west 
line an angle of 17^. Is it not preferable to replace the number 
107^ by the number 17^, first naming the cardinal point towards 
which one is going ? 

To this consideration we may add another, not less valuable 
in the working of lodes. In every mining country one is led to 
distinguish the veins whose bearing is near E.W. (magnetic) from 
those which are near N.S., and from those intermediate or 
diagonal lodes which are N.E. — S.W., or N.W. — S.E. 

The groups of lodes of either kind are included within more 
or less acute angles, but in the ancient rocks of Europe the 
Systems of upheaval and of fracture agree specially with such 
distinctions as East and West Lodes, North and South Cross-courses, 
Sfc, adding in many mining districts, Caunters, quarter-point veins, 
Sfc. Let us see how the proposed graduation takes account of 
this natural grouping. 

Dividing the circle into octants, let us consider the haK-cir- 
cumf erence situated to the north of the E.W. diameter, fig. 3, pi. 
Vil. Departing from the N. point, marked 0® we read in each 
of the octants to right and left angles below 45^ ; we note also 
0** at each of the extremities of the E.W. diameter, and we read 
in the octant comprised between the east and north-east angles 
form 0^ to 45^ ; finally, we do the same in the fourth octant from 
west to north-west. 

Each bearing will then be defined by one number, which never 
exceeds 45^. The east and west lodes are found to be subdivided 
into two natural groups, comprising those which '* carry their 
heads north of east," and others whose bearing is north of 
west. 

Under these conditions, when we designate a System, the first 
word pronounced defines the kind of lode referred to, just as in 
Oomwall the term north and south implies a cross-course, and the 
words east and west give the idea of a lode. With regard to east 
and west lodes the word gives even the octant, so that the 
number set down indicates the limits from 0° to 45**, and enables 
us at once to recognize the departure of the bearing of the System 
from the nearest cardinal point. 

As to the direction, it is easy in noting an observation to sub- 
stitute St for N. or W. for E. [I use a pocket compass graduated 
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into octants on the principle indicated ;* like ordinary compasses, 
it bears a N.8. line and an E.W. line, but each, octant is indicated 
by a finer line replacing the number 45 on the graduated circle, 
as in Figs. 3 and 4, PI. VH. 

Two cases may be considered by the reader. 

1st. The observed direction belongs to a N.S. group. The 
angle, which must be less than 45°, is contained between the 
line of vision, and one of the points of the Magnetic Needle, 
the color of the point (blue or white) shewing whether it is 
N. or 8. ; the nimiber on the graduation then at once indicates 
the angle included between the observed bearing and the car- 
dinal point, while the relative position of the arrow, to the right 
or left of the point, whether blue or white, shews whether it is 
east or west. 

2nd. When the observed direction belongs to an east and 
west group, the angle of less than 45^ is included between one 
of the points marked E. or W., and observing which point of 
the needle is opposite to one of these, we see at onoe the direction, 
and the side whether N. or 8., to which it tends. 

In case of hesitation, it will suffice to remark that the white 
point of the needle is near to that point towards which one is 
going, whether E. or W. ; read this letter (E. for example), 
then the degree is indicated by the white end (as 20** Fig. 4). 
Then still noticing this letter, and continuing in the same direction 
pass over 90° ; you then arrive at one extremity of the line ob- 
' served (8. by hypothesis). The direction wiU thus be announced 
as E. 20^ 8. corresponding to W. 20° N. 

The frequent use of the pocket compass does not render less 
necessary exact observations of the underground workings by 
means of a * ^ dial " or ^ ^ theodolite.'* Upon well made * ' working 
plans " all changes of direction are laid dowa.f But it is with 
the pocket compass that the engineer should habituate himself 
to notice and approximately determine the variations of direction 
of difPerent parts of the lode. This approximation becomes 
very satisfactory when two observers make observations in op- 
posite directions in a strait part of a level, at distances of 5 to 

* The diameter is a little over two inches, the divisions are for every 2°, 
which are numbered at every 10°. 

t A scale of 3 fathoms to one inch is convenient for working plans, and 15 
fathoms to 1 inch for general plans. 
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10 fathoms. The footwall of the lode, — steep as it always is in 
the normal rich parts, — ^being well cleared, the two observers con- 
veniently placed, and looking at each others lights, will arrive 
at the most complete numerical coincidence ; good directions allow 
of good observations. 



THE END. 
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P. 14, line 16, for vnclinatian read inclinations. 
P. 97, line 15 from bottom, for enclose read intersect. 
Fig. 4, plate IV, for 42J«> read 19^. 
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